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1. Incroduccion and suruary.

The main purpose of The presenc paper is co give a tabulation and discussion of

propercies of a syscen of single sampling attribute plans obtained by minimizing

average costs under the restriction that a point on the OC-curve has been fixed.

Inspection, acceptance, and rejection costs are assumed to be linear in p, the

fraction defectf,', *. lot quality is assumed to be distributed according to a

double (or as a limiting case a single) binomial distribution with parameters

(pl,p 2 ,wlw 2 ), wI+ w2a I and pI< p2 "

Using average "inspection and sampling costs" as v-onomic unit the standardized
average costs become R = n + (N - n)(7 1Q•I) + whcre (u,1) deuo•. sample

and lot size, respectively, and (71,72) depend on the weights (w1 ,w 2 ) and the

decision losses.

Three systems are studied corresponding to different restrictions:

(a) The LTPI) system with a fixed consumer's risk, P(p 2 )uO.lO0

(b) The AQL system with a fi.ced producer's risk, Q(p 1 )O.05.

(c) The IQL system with P(po )=1/2 for pI< p0< P2"

LTPD and AQL plans for a dcuble binomial prior distribution may be found from the

corresponding plans for a single binomial prior distribution by a suitable change

of cost parameter.

The solution of the minimization problem and corresponding tables are given for

the three systems.

Furthermore the asymptotic properties of the solution are studied.

For the LTPD and AML systems the main properties of the sampling plans for large

IN are the folloving:

S(1) Sample size increases linearly with the logarithn of lot size.

(2) The highest allowable fraction defective in the sanple

cooverges to the fraction defective vith fixed acceptance

probability, the difference being of order I/in.

(3) The risk of the producer or the consumer, whichever has

not been fixed, tends to zero inversely proportionAl to

lot size.

(4) The minim=m costs equal &..apling inspection costs plus a

constant average decision loss plus a decision loss

proportional to (N - n) due to the restriction.

(5) The saopling plans depend only on the product of ote cost

parameter (being a function of 71 and 72 ) and lot size.



For IQL plans both the consumer's and the producer's risk wiil tend to zero for

N-> ao, one of the risks as O(N ) and the other as O(N ), 6 9 0. For

q2 /ýlo

we have 5 -0. The IQL plans are only studied in detail for this value of p.a

The properties listed under (1),(2), and (5) above are also valid for these IQL

plans. Furthermore we have:

,3a) The producer's and the consumer's risks are nearly equal

and tend to zero inversely proportional to N.

(4a) The minimum costs equal sampling inspection costs plus

a constant average decision loss.

The IQL plans for a double binomial prior distribution may be found with good

approximation from the plans for a single binomial prior distribution.

Comparing these plans with te corresponding Sayesian plans the IQL plans have

econocmic efficiency tending to 1 for N-> oo whereas the efficiency of the LTPD and

AQL plans tends to zero.

The restrictions are r.ciinly introduced to obtain protection against deterioration

of the prior distribution and because one of the cost components may be (partly)

unknown. In such cases i: is recoaimended to use the IQL plans whereas it is not

advisable to use che LTPD 3nd AQL plans for large lots. If an upper limit has been

specified for the consuaier's or the producer's risk one may use the corresponding

LTPD or AQL plan for snail N and switch over to IQL plans as soon as the condition

is satisfied.

The systec of sarpling plans presented here contains as special cases, via. for

w 42 0 and Y1- i, the Dodge-Romig system of LTPD plans, see [2 ], and the Weibull-

Ma4rkbick system of !QL plans, see [13] and [11]. It also cootains for v2w 0 the

asymptotic results of a previous paper [7 ] whereas the tables are different

because hypergeocetric probabilities were used for the fixed point on the OC-curve

in [7] as in the Dodge-Romig tables.

4 2.The model,

Let N and n denote 1oc size and swople size and let X and x denote u.ber of

defectives in the lot and the sample, respectively. The acceptance nuber is

denoted by c.

Let the costs be

anSl+ S 2+XS2 + (N - n)AI+ (I - )A 2  for x 6 c

nSI+ xS2 + (N - "n)ltI+ (X- x)i 2 for x > c.
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The (prior) distribution of X, I.e. the di3tribution of lot quality, is denoted

by fN(X) and it is assumed that this distribution is a mixed binomial

fN(X) - 1 (N (1)qNX W~)fN() " ) pXqN'XdW~p). I

In parcicular f N(X) may be a double binomial, i.e. a weighted average of two

binomials with paramecers p1 and P2' Pl< P2, and weights wland w2, wl+ Y 1.

This distribution may also be characterized by saying that p, the process average,

has a two-point distribution.

Drawing a samile without replacement from each lot (hypergeometric saiipling) and

computing the average costs we find

1

K(N,n,c) - f K(N,n,c,p)dW(p) (2)

where 0

K(N,n,c,p) = n(S1+ S2 P) + (N-n)((AI+ A2 P)P(p) + (Rl+ R2 P)Q(p)), (3)

C
p~p. Bc~np) • "n( x n-x
Pp- cnp) )p q (4)

x-O

and Q(p) - I - P(p).

For a detailed discussion of this model the reader is referred to Hald L8]. In

the following it is assumed that the Prior distribution is a double binomial

distribution. or as a limtting case a single binomial.

To simplify the notation we introduce the three cost functions

ks(p) - A1+ A2 p, kr(P) - Rl+ R2 P, k (p) a S1 + S2 p) (5)

and the averages

k" lwkS(Pl) + w2ks(P2) and k L- wlk a(P) + w2kr(P2), (6)

ass•ming that k > k . For a double binomial prior distribution k represents the

average "costs of inspection" per itew and k represents the average costs per

item when all lots from process (component) No. I are accepted And all lots from

process No. 2 are rejected. As shown in (8] km is under certain conditions a use-

ful reference point for average costs per item. Defining the standardized form, of

(2) as

R(Nnc) - (K(Nnc) - Nk )/(k - ki)
in a m

it follows that the value of (n,c) minimtizing R will also minimize K since k ands
k are independent of (o,c). The standardized average costs may be written as

iR(N,n,c) - n + (N-n)(y1 MYl + 72aP(P 2)) (7)
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where

71= Wl(kr(Pl) - ka(Pl))/(ks- kin) and 2 w2 (ka(P,)- kr(P2 ))Akse- kI). (8)

The interpretation of (7) is the following: The reduced average "costs of inspection",

k s- kM, have been used as economic unit which means that the total average costs

become equal to n, the average costs of inspecting the n sample items, plus the

average decision loss per item times the number of items in the remainder of the

lot. The terr 71Q(pI), say, gives the probability (w1 ) of a lot of quality p,

being submitted (more precisely a lot from a process with process average equal

to pl) times the average probability (Q(p 1 )) of such a lot being rejected tines

the corresponding decision loss ((kr (p )- k a(p ))/cs- k M)).

The costs of accepting or rejecting all lots without inspection are Ra= N72 and

Rr- N71 respectively.

The Bayesian solution of the inspection problem consists in chosing the procedure

which leads to the lowest average costs and therefore it requires a comparison

of RaPRr, and min R(N,n,c). This solution has been discussed and tabulated in
(n,c)£ 8]. If the Bayesian solution is sampling inspection we shall call the sampling

plan minimizing R for the Bayesian (single) sampling plan.

The conditions alluded to above are that y1 > 0 and y2 > 0. For the corresponding

Bayesian sampling plan we have n/N -> 0, Q(p ) -> 0, and P(p 2 ) -> 0 for N -> w

which means that K/N -> k and R/N -> 0 which is one of the reasons for standardiz-

ing the average costs in the manner above.

The conditions may also be expressed by means of the economic break-even quality

Pr 0 (R I-A IAA 2 -R2 ), defined as the root of the equation k a (p) - kr (p), since

7 > 0 and 72> 0 if and only if pl< Pr< P2. If 71> 0 and 72< O, say i"C. Pr> p2> p11

the Bayesian solution is acceptance without Wispection.

In the present paper we shall consider sa9=112a Pllns defined by minialzi& the

average costs under a suitably chosen restrici The reasorn for doing so and

the choice of the specific restrictions will be discussed later.

Furthermore we shall also consider casci where either k (p) o!r kr(p) is identically

equal to zero so that y2 or y becomes negative.

One form of restriction is P(p) 1 1/2 for pl< p< p2. This defines a relation

between c end n with the property that Q(pl) -> 0 and P(p 2 ) -0 0 for n -> ® and

consequently K/N -> k for *-> w. Such sampling plans will for the right choice

of p0 have similar properties as the Bayesian sampling plans for 7 0> 0 and 72> 0,

see section 8.

S Another form of the restriction is ?(p 2 ) - 0.10, say. This means that Q(pl) -> 0

for n -> w and K/N - k + 0.1 v (kP-k k p say. The restriction thus
M 2 a p2) r(Y2 ) M a.Tersrcintu
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changes the unavoidable limitir.3 costs from k to k which will therefore be used
m m

in standardizing the cost function.

It should be noted, however, that k and k are fundamentally different because km m m
depends on the prior distribution anu the costs only whereas k * also depends onm
the restriction which to some extent may be considerod arbitrary.

From (7) we find

R = n(I-O.l17) + (N-n)y 1Q(Pl) + O.172 N (9)

leading to the (further) -tanr'ardizcd costs

R-O. l7 2 N

- R - n + (N-n)7 (p1 ) (10)

where y a r1/(I-0.172). Values of (n,c) minimizing R will be the same as those

minimizing R.

Similarly we shall use restrictions of the form Q(pl) - 0.05 leading to

1 0- n + (N-n)YP(P 2 ) (11)

where y a 72/(1-0.0571).

Restrictions as P(p2) - 0.10 or Q(pl) - 0.05 are of particular interest in cases

where k (p) or kr (p), respectively, for some reason has been puL equal to zero,

i.e. 72 or y1 becomes negative.

An expression of the type (10' or (11) may, however, be obtained from R by putting

v2 - 0 or w0- 0. It tkus follows that g restricted Bayes solution with a two-point

PriOr distribution where the restriction fiXes the acceptance probability in one

oj Se D& yotnt-msy he reduced to restricted B#yeo solution with a oe-gpoint

prior distribution by a suitable change of the cost Mrameter.

From a mathematical cad numerical point of view we my therefore limit ourselves

to consider the problem defined by minimizing expressions of the type given by (10)

under the restriction stated.

3. URestrictod Bale~s 4olutirpos.

The Bayes procedure has not been widely used in practice for may reasons some of

which wove been listed below:

(a). It may be difficult to cbtain precise informatton on the prior

distributions and the costs.

(b). If the Sayes procedure does not lead to sampling, a rwuning chock *

on the aessiur.ions reprding the prior distribution is lacking.
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(c). The mathematical theory behind the Bayes solution is more diffic,,It

than for other systems of samp1i-Z plans,and adequate tah!•s have

been lacking until recently.

With respect to point (b) above it is pointed out that there are two Seneral

cases in which the Bayes principle does not lead to a sampling plan, viz. (I)

if the prior distribution of p is a one-point distribution or (2) if either

k (p) - 0 or k (p) - 0.a r

The first case is important because many investigations have been carried out

on the assumption that the quality distribucion under "normal conditions" is

a binomial distribution. If average quality produced is better than the break-

even quality then the cheapest solution will be acceptance without inspection.

To obtain a sampling plan minimizing costs under this assumption it is therefore

necessary to introduce some sort of restriction.

The second case is important becaxisc k (p) or k (p} are often unknown or may bea r

considered as negligible in the short run when the costs are looked upon from

the producer's or the consumer's side exclusively.

One may naturally give up the Bayes solution completely and use the minimax

regret solution which depends on the cost parameters only. It seems, however,

unreasonable in designing ati inspection system for a series of lots from the

same source not to use some plausible prior distribution based on existing in-

spection records and knowledge of normal market quality if only a sampling plan

is used in all cases and some insurance has been built into the system against

the consequences of a deterioration of the prior distribution and uncertainty

in the determination of the cost parameters. this insurance may be formulated in

economic terms o" in technical terms oniy and leads to what has been called .1

restricted Bayes solution on-c the principle employed is to minimize the avwrapr

costs under a suitably chosen restriction,

As indic.ted in section 2 we shall use 1gotrictitg which ,re tWdelndent ot the

weights in the prior distribution and the cost fuaction1 . The restrictions con-

sidered consist in fixing a point on the OC-curve, i.e. specifying a Mlt. level

and a corresponding acceptance probability, Such a restriction defines a rel.tion-

jhtU between n and c. Restrictions of this kind have first been used by Dodge and

Ltmig [2] in their LTI'D system of sampling plans.

The average decision loss depends on expressions of the type w2(ka(P2 )-kr(p 2 ))p(p 2 ),

say. If we are concerned about the stability of w2 and the correctnese of k4(P2)

we say get some insurance against conrequences of deviations from the values

act-ally used by specifying that P(p 2 ) shall be mrll. A detailed discussion of

the considerations in connection with fixing a point on the OC-curve wtll be
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given in sections 6-8.

We shall first study LTPD and AQL sampling plans satisfying the restrictions

P•2) a 0.10 and Q(p1 ) - 0.05. respectively, and thereafter flL sampling plain
satisfying P(po) 1 ./2.

4. The exact solution.

The problem const!ts in determining (n,c) so that

R - n + (N-n)-A(p 1 ), (case 1), (12)

is miniL,'.ed uader th- restriction P(p 2) P P2' P2 being a given number and pl< P2 )

or correspondingly to ainff'ize

R - n + (N-n)TP(p 2 ), (case 2), (13)

under the restriction Q(pl) ' Q, Pl< P2. Since the two problems are of the same
mathematical structure we shall discuss only the first one in details.

The problem is similar to Dodge and Romig's problem for the LTPD plans and Lt will
be solved here along similar lines as in Bald [6]. One difference should be noted
howevr, rnamely that both Q(pI) and P(p 2 ) are binomial probabilities, whareas P(p 2 )
in Dodge and Romig's model is a hypergeometric pribability.

To obtain a sampling plan as solution the costs of the plan must be smaller than
the costs of complete inspection, i.e. X < N, which leads to the condition Q(p1 )< l/y
(:ase 1) and P(? 2 )< /7 (case 2). It is therefore necessary to assume that 7 > 0
which is also natural from the point of view that y may be interpre-ted as the
costs per item of rejection or acceptance, respectively, in the case of a or.-
pnint prior distribution,

The condition P(p 2 ) aB(c,n P2 ) - P2 defines a relation between n and c, n n c say.
Introducing n - nc in (17) makes R a function of c alone, R(c) say., for any given N.
The condition for R(c) to be a local minimum is that

6 R(c-l) < 0 < Z (14)

where tR R(c) a R(c+l)--R(c). rrom (12) we have

R(c) - n + (N-n )y(I-B(- c,P))

and

6 R(c) (1-7)6. nc- Ny/Bc+ y 6 (n Bc)

vhere B * 5( CncP(c(
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Introducing3 the auxiliary function

(i-y) t. n + 7 4, ( n Cc B(N~c C IB I -C (16)

substituting (15) into (14), and "solving" for N lead to the fundamental inequality

Nc-N1< N < N (17)

together with t Bc-l> 0 and 6 Bc > 0 as the conditions for (ncC) to be the optimum

plan for lot qize N.

In case 2 the corresponding result is

L•n
N n + ( B) (18)

together with iL(l-B Cl) > 0 and 6•(l-B c > 0 where Bc -B(cnc ,P 2 ) and B(c,npP) l. Q-

It hav only been proved that (17) is the condition for R(c) to be a local minimum.

A similar analysis may, hoi.ever, be carried out by means of Lhe difference operator

j,,R(c) - R(c+i)-R(c). The condition for R(c) to be an absolute minimum is that

tiR(c) > 0 for i - 1,2,...,n-c, and eiR(c-i) < 0 for i - l,2,..,,c. It is easily

seen that sufficient condit:ons for these itleqi.alities to be fulfilled are

that R(c)- be a locol minimum, i.e. (17) is fulfilled, and furtheimore that NC

be a non-decreasing function of c, sinc the inequalities N. < N C N +lL ... I Ne+i.1

by addition of all the numerators and denominators lead to
(1-,) tŽ.nc+ " r i

N < n (19)

i.e. 2i R(c) > 0 for i > 0. It is conjectured that Nc ib a non-decreasing function

of c if n is considered as a continuous variable. However, in tabulating the

solution only integer values of n has been used which means that th.- condition

P(p 2 ) * P,(and the other similar conditions) will in most cases not be v'ractly

fulfilled. For th,, three cases tabulated the cumulative binomiol has been comwpted

Lo six decimal places and n - n has been determined as
C

(1) the smallest integer n satisfying B(c,n,p 2 ) s 0.10,

(2) the integer n for which B(c,n,p ) is nearest to 0.50.

(3) the largest integer n satisfying B(c,n,p1 ) A 0.95.

If N is an incre..sing function of c it fellows from (17) that fer each (c,nc)
C C

there exists an "optimum interval "(Nc i,Nc) so that for all N witnin that inter-

val the optimum plan is (c,ne) In case N < N the plan (cn ) is not optimum for

tn l s h. In cose c-I an t)
any N and has to be exclude-d. Thte costs R(c-l) and R(c+l) have then to be compared.
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Using R(c+l) - R(r-l) - 6 R(:) + I R(c'l) it follcw Chat R(c-I)> R(c~l) for -N1S~c-i

where
N C.1 = (Nc1L Bcl+ Nci Bc)A6 Bc.1+ L Be).

In that manner the optimum plans and the corresponding N-intervals may successive-

ly be determined starting from c a 0. The procedure is well suited for an electronic

computer. The tables will be discussed in the following sections.

For large N the Poisson distribution may be used as an approlimation to the binomial.

The original problem may also be such that the Pois--, distribution is the appropriate

one to useviz. if quality is measured in number of ,efects per unit instead of in

fraction defective. For these reasons the Poisson solution has also been tabulated.

First m - mC has been determined from the relation

C z

B(c,m) - E e-m P np (20)X=O 7T 2)

The inequality corresponding to (17) becomes

Hc-1 < <M , H - NP2, (21)

where
(m-7) c m + y ZA (mcBC) N 6m

S7 t B mc+l + ( " (1-B ),,B (22)
c~ Y' c ~

and c -rm (rmC) x Pl
"B"x , r X! -'- (23)Bcx=O P2

Sincem - np 2 is a function of c only whereas in the binomial cace m is a function

of both P2 and c, it is possible to give a much more compact tabulation of the

Poisson solution than of the binomial.

For small values of N the solution given above need to be modified in certain

cases.

For N 6 n no sampling plan exists satlsfying the restriction required. In such0

cases the solution has been given as "all" in the tables to indicate that inspection

of the whole lot is necessary to obtain a protection as least as good as the one

required.

In case I for 7y 1 the alternative to sampling inspection is total inspection which

costs M. To obtain R < N it is necessary that Q(pl) < 1/y, i.e. Bc> 1-1/7, which

may not be fulfilled for =all c and corresponding values of N e (N c 1 1Nc). In

such cases the cheapest sampling plan available has nevertheless been given in

the table but a "I." has been odded to indicate that sampling is more costly than

total inspection.
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In case 1 for y < I the alternative to sampling inspection is rejection at a

zost of N7 . To obtain R < Ny it is necessary that

N > nB(I + 1.lB$ Bc- l.Q(pl). (24)
c 7B c 1
case

The corresponding result in/2 for y Z 1 is P(p 2 ) < 1/y, i.e. Bc< 1/$, and for

y < 1 with acceptance as alternative R < N7 which leads to

N > n) ( + 1-p 2) (25)C nc( y _(l-Bc d Be .(2)

In such cases "a" has been added after the sample size to indicate that acceptance

witbour inspection is cheaper than sampling.

It has furthermore to be taken into account thaL (c,-) may be used as optimum

plan for N only if N( N <5 N and N>nc.IfN <-N gnc+l no optimum plan exists
C-1 C c c

because (c,nc) is not optimum for N > N and (c+l,n cannot be used because
cC c+ln+)

N _g nc+,, It is therefore a condition for the existence of optimum plans that

Nc> nc+. From (16) and (18) follows, however, that this condition may be reduced

to the one following from R < N.

5. The asymptotic solution.

The procedure in arriving to an asymptotic solution giving c and n as explicit

functions of N will be first to get an asymptotic expansion of c in terms of

n as an expression for the condition imposed and then to eliminate c from R and

solve the equation dR/dn - 0 after having replaced the binomial probability in R

by an asymptotic expansion in terms of n. A similar method has been used in [6].

A rather accurate solution of the equation B(c,n,p) a P may be obtained by using

the expansion of Fisher and Cornish [5 ) which leads to

np + u (u-l) ÷ O(n+ 2 (26)

where up denotes the P-fractile of the standardized normal distribution.

Writing h = c/n the condition P(p 2 ) - P2 may therefore be expressed as
3

h a p2+ 1p 2 q2 /n + b/n + O(n 1) (27)

where

a a v and b 1 (q2 (a2)' (28)

Since h * p2 + O(n 2) we may use the following lemma which is a special case of

a theorem proved by Blackvell and Hodges [1 ]:
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For pl< P2 and n -> oo we have

1 q2 pq -npn(h,p 1 ) -)
1 - B(c,n,p 1) - 1 e (I + O(n )) (29)

C2 irn-q 2  P'2 P'l

where h 1-h30wr(h,p) = h In h+ (1-h)ln - (30)

(For h pl+ 0(n- 2 a similar expression is valid for B(c,n,P 2 )).

Setting e -n(p(h,p 1 ) (31)

and
q 7q2p] 

(32)
2np 2 q 2 P2" Pl

we find fron (14 and (29)

*1 - 1!2
R - n + (N-n)f(n)(l + O(n . (33)

Expanding p(h,p,) in a Taylor series around P2 and inserting h-p 2 from (27) we get

P2 q 2 2•(h, P) = p(p 2 ,P1 ) + (h-P 2 ) In - + - (h-P 2 ) O(n

P(p2 p +i ( + b ln--"-)+O 2 ) (34,)
+1 q p 2  n 2 p q 2

It follows that rf(n) tends exponentially to zero for n -> c since 9(p 2 ,p 1 ) > 0.

From 03) we find

dR - I + (N-n)f'(n) - f(n).
dn

Solving the equation dWesa 0 for N-n we get

1 2)
N-n -- ( + O(n

f'(n)

since f'/f -- (p 2,p 1 ) and f > 0.

Writing

2
In(N-n) I - in f(n) - ln(-f'(n)/f(n)) + O(n ) (35)

we finally have A

ln(N-n) acn + a2q+ 1 In n + a3 + O(n 2(36)
1 2 2 3 (6

where a 1 9p2,P1), a2 - a p2 q2 In (p 2 ql/plq2 ), and

a3 a a2/2 + b In (p 2 qI/plq2 ) - In X - In q(p 2 , pl).
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The same formula applies to case 2 if only p1 and p2 are interchanged , (p 2 -Pl in

(32) should be read as 1p2 -pll), and P n2 n (28) is replaced by Pin l-Q 1 .

This result is a generalization of the one obtained in [6] partly because it is

based on the binomial instead of the Poisson distribution and partly becalse the

model here contains a cost parameter y which is equal to 1 in the case previously

considered.

Solving (26) with respect to np gives 1

22 22
np=- c + 1 - U 'q + (u_- 1)(l+p)/3 - upp/2 + 0 (c (37)

Formulas (36) and (37) give good approximations to the exact sulution for Np2 > 15,

p1 /P 2 - 0.5, and P2 = 0.10 or 0.50, and in case 2 for Nr1> 15, p2 /p,4 1.5, and

Q1= 0.05 or 0.50.

The formulas should be used as follows: For c = 0.5, 1.5, 2.5,... n is ceomputed

from (37) and N from (36) to obtain intervals for N corresponding to every integer

value of c, cf. (17). For each integer value of c the appropriate sample size is

determined from (37).

A formula giving the sample size directly as function of lot size may be obtained

by inversion of (36) which according to the result given in [6] leads to

n 2 +P3 In x + 04 + 05 (ln x)/fx + 06/ff (38)

3/2 2where x I ln N, 01= 1/a1 0 /a "01 /2' 0 P4 (In l+ a2 1/a I 2a 3 )/2al,

0=-2/, and b (2 - 2a /2a

For a given N we may compute n by (38) and the corresponding c by (26), round c to

the nearest integer and find n from (37).

Numerical investigations have shown that (38) leads to rather accurate results f3r

P2 ' 0.10, P2  0.10', p1 /P 2 V 0.5, and NP2 > 15, whereas it should not be used for

P = 0.50 or In case 2 for Q1 = 0.05.

From (35) it follows that

ln(I-n)f(n) - -In O(p2 ,Pl) + O(n"2 )

or I

(N-n)7 Q(pl)- (1 + O(n (39)

and consequently

n R + + O(n 2) (40)
(nerc) s(iP2v P )by4(38)

where n is given by (38).
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We have thus found the following asymptotic properties of the solution:

(1) Sample size increases linearly with the logarithm of lot size,

see (38).

(2) The highest allowable fraction defective in the sample converges

to the fractLon defective with fixed acceptance probability,

the difference being of order 1//•i, see (26).

(3) The risk of the producer or the consumer, whichever has not

been fixed, tends to zero inversely proportional to lot size,

see (39).

(4) The minimum (standardized) costs equal sampling inspection

costj plus a constant depending on (p 1,p 2 ) only, see (10).

Analogous results have previously been given by Hald [ 6] for the case with

7 - 1 and Poisson probabilities.

The last mentioned property means that asymptotically decision losses will be

negligible as compared to sampling inspection costs.

This is true, however, only for cost functions of for3 R - n + (N-n)7Q(pi)-

If we have a co3t function as (7) then R -(-O.172)R + 0.172N which anymptotical-

ly equals

Min R - (1 O.ly2)(n + +(p 0 17 2 N
(n,c)

where the first term is O(In N). For large N the term O.l7 2 N resulting from the

restriction P(p 2 ) - 0.1 becomes dominating in contrast to the result for the

(unrestricted) Bayesian sampling plan whcre min R - O(In N),see [8 ]. For y2> 0

the econamic efficiency of a restricted Bayesian sampling plan of the type above

as compared to a Bayesian plan will thus tend to zero for N -> w. For 72< 0 the

Bayerli-a solution is acceptAnce without inspection at a cost of Ra N72 .

The asymptotic formulas also reveal that the cost parameter . influences the

solution in an extremely simple manner. From (36) it will be seen that y only

enters through a3 so that ln(•Wy - F(n) where F(n) is independent of 7. It follows

that ajMptoticall, the sMpliag Elan only depends 2n the product of lot Line

&Wl egit €oast-nt so that for example the plan for lot size N and cost constant

7 equals the plan for lot size I 7yd cost constant 1.

Since this propeqW holds for large 7-interv'als also for small values of N it is

only required to tabulate sampling plans for rather few values of 7.

Consequently it should be noted that the Dodge-JRoaL LTPD tables my be used to

f'nd sampling plans by entering the tables -ith N N 1y for y < 3 say.
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Another way of expressing the dependence of y is given by $

n(N,y) -~n(Nl) + 4P P (41)

which follows from (38).

Formula (39) shows another interesting result, viz. that the asymptotic value of

Q(p ) is inversely proportional to y, which is the reason that min R only

depends on y through n, see (40).

6. LITPD sampling Lnspection plans with minimum costs.

LTPD plans are here defined 3s sampling plans with a given Lot Tolerance Per Cent

Defective, lOOp 2 , and a corresponding probability of acceptance, the consumer's

risk P(p 2 )1 which traditionallX is chosen as 10 per cent.

In the discussion of sampling plans it has been found convenient for obvious

terminological and pedagogical reasons to introduce a fictitious consumer and

producer and concentrate attention on the corresponding two •oints on the OC curve,

P(p1) and P(p 2 ), pl< P2 . defining the producer's risk as Q(pl) and the consumer's

risk as P(p 2 ). It is useful to extend these notions also to the cost functions.

Consider a producer inspecting his own product before delivery and suppose ttac

hc has essentially two goals: (1) To nake reasonably sure that lots of bid quality

are not mark.ted. (2) To keep his inspection costs and decision losses doan.

We shall in turn discuss these aspects of the problem under two different assump-

tions regarding th•eprior distribution, viz. for a One-point ands vo-.point

distribution of p.

Suppose that the producer know his process average P1 for "norual production" and

thlt he occasionally produces lots of bad quality. The quality level for bad lots

may be fluctuating rather much so thac the producer is not willing neither to

state an average quality level for these lots nor the frequency with which such

lots will occur. However, the producer may be willing to select a tolerance value

of the fraction defective P2 say. Md a risk, P(p 2 ), Of ,Scestina lots of this

senlity. The choice of P2 is difficult and rather subjective. It is based on con-

siderations of custoaory market quality, the producer's own quality performance,

his prestige, consequences of loss of good-will, consequences for the consumer of

getting bad quality, the use of the product, etc. The consmr't risk, 1(p ),, is

oustomarily chosen as 0.10. This is perfectly araitrary And the value of P(phas2)

therefore to be kept in mind incbooeing p2 even if ideally P2 should be determined

exclusively from technical and economicai coniaiderations.
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Turning now to the costs the first question to be answered is the following: What

are the producer's average costs for lots of normal quality ? The answer is given

by the value of the cost function K(N,n,c,pI), see (3). In many cases, however,

it seems reasonable to disregard the term (AI+ A22 p)P(p1 ) from the producer's

point of view because lots of quality p1 are supposed to be satisfactory as general

market quality or by mutual (tacit) agreement between the parties. Delivery of lots

of quality p, will therefore not lead to (essential) complaints from the consumer,

i.e. the consumer has to bear the costs due to accepted defective items. If this

is so one may merely put A,= A2= 0 in the following formulas.

Since the producer cannot specify the quality level and the frequency of bad lots

it is impossible to include t"• corresponding costs in the discussion. A low

frequena4y of bi lao .snd the restriction P(p 2 ) - 0.10 should, however, if P2 has

been chosen sufficiently small,make sure that very few bad lots will be accepted

so that no serious economic damage will result.

Under these circumstances it seems therefore reasonable to determine the sampling

plan by minimizing the producer's costs for lots of normal cuality, K(N,n,c,pd),

under the restriction of a fixed consumer's risk, P(p 2 ) - 0.10. From the point of

view of statistical theory this is a restricted Bayes solution with a one-point

prior distribution of p.

Introducing the standardized costs

R - (K(N,n,cpa) - a ))/(ks(Pt)- ka(pd))

we fine
,t n + (N-n) y1 Q(pl)

tich k r(Pl ) 1 a (pl) R1- A1, (A2- R2 )p1
= k(pk ) ka(0) S l- AC (A 2 R2)P 1 (42)

see (7) for w2-.. This shows that Zhe solution is the one discussed in sections 4

and 5 with cost parameter equal Lo 1 (for wv- 1).

The solution only requires knowledge of the two quality levels and the cost constants.

It rests on the rossumption that the quality distribution of the larger part of the

lots is a binomitl distribution. A weakness is the uncertainty in the determination

of P2 end P(p 2). For practical reasons it is customary to use P(p 2 ) - 0.10 in con-

structing tables of the solution. The parameter left free in practice is therefore

p2 ouly (p, is assumed to be rather accurately known by thk producer) and since

sample size is a decreasing frnction of p2 for given pl, the prolucer may in case

oi doubt choose a mall value of p2 which will lead to a sharper discrimination

between good and bad lots.
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This system of sampling plans is a generalization of the Dodge-Romig LTPD system
which may be obtained for y 1. Dodge and Romig assume that rejection means

complete inspection of the remainders of rejected lots and furthermore that the
costs of complete inspection per item are the same as the costs of sampling in-

spection, i.e. kr (p) k (p). The cost parameter y1 allows us to interprete
"rejection" in a much wider sense than Dodge and Romig and also to take costs

of acceptance into account if necessary, see the definition of y1 in (42). It
should be noted that the consumer's risk in the tables given here has been computed
as a binomial probability whereas in the previous paper [7 ] the hypergeometric
distribution has been used as in Dodge and Romig's tables.

Suppose now that submitted lots are distributed according to a double binomial

distribution with parameters (p ,P 2 ,w 2 ). If the parameters are known and the
distribution is stable and if p1 < pr< P2  the Bayes solution may be determined as
in [8 ]. If, however, the stability of the prior distribution is doubtful and/or
information on costs is incomplete the producer may prefer a restricted Bayes

solution.

Firstly the producer may find it necessary to protect himself against some of the
consequences of undesirable (and unknown) changes of the prior distribution and

for that reason he may impose the condition P(p 2) 0 0.10 on the plans.

Secondly the costs of acceptance may be partly unknown, e.g. because loss of good-

will is involved. In the short run the producer may regard costs of acceptance
Is practically negligible, i.e. k (p) O Oif the consumer does not return ana
oc-asional bad lot but (possibly) only bad items found. If bad lots are returned
by the consumer we have k (p) - k (p) plus costs of eelivering and returning the
lots. In the long ru.n however, bad lots delivered will result in loss of good-
will which may be difficult to evaluate and include explicitly into the cost

function.

The producer May Lherefore be forced to raodify the model. Instead of mLnimitimi
'he complete cost function withut Many restrictLoiU hg may chooce to Rinimize the

incomplete cost function obtained by putting ka(p) =0 Mq.er the rescX uLkoj
P(p 2 ) - 0.10 hoping that thc, resulting small frequency of bad lots accepted will
reduce his (unknown) costs of acceptance sufficiently. As indicated above there may
be cases where it is more reasorablc to put k ((p) -0 and ksa(p) - k r(P2)

One of the effects of fixing P(p 2 ) may bv judged by noting that on the average
the ratio of number of b jots accepted to total number of lots accepted will

be w2 P(p 2 )/(vlP(pl) + w2 p(p 2 )). For P(p 2 ) - 0.10 and P(p 1 ) I I this ratio will

be 1/191 for w2 = 0.05 and 1/91 for v 2 = 0.10.

The sanpling plan is determined by minrrizina the aversage costs, K(Q,n,c), under
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the restriction of a fixed consumer's risk, P(p 2 ) a 0.10. It follows from (10)

that the solution has been given in sections 4 and 5 for the following value of

the cost parameter

w1 (kr((p) - k a(pi)) 7(

S I -(ks(Pl. k a (pl)) + w2 (ks(p 2 ) - O.lka(p 2 ) r 0.9kr(P2)) I 0.172

where 71 and Y2 are defined by (8).

For w2 . 0 we have y - y 1 which reans that frora a mathematical point of view the.

approach leading to (42) may be regarded as a linmiting case of the one above.

As will be explained later in this section the same tables may therefore be

used to obtain the optimum sampling plan in both cises.

It should be noted, however, that the interpretation of p2 is different. In thh

first case p2 is a tolerance fraction defective determined froc, technical and

economical considerations whereas in the second case p2 is a parameter in the

prior distribution, viz. the average fraction defective for lots of unsatis-

factory quality.

For w2 > 0 the sign of Y2 determines whuther 7 i5 smaller or greater than y1 . If

ka(p) = 0 then 72< 0 and y < 71•

In case w2 is known only approxirately but limits for w2 nay b. guessed at then

max y can be found and used to get an upper limit for the appropriate sample size.

Similarly, if p2 is known only approximately mix 7 can bc found by chosing P2 'is

small as reasonable.

It is important to noLice that nort.ally the second terri of the dcnoninLor of (43)

is negligible so coupared to the first so that I I nay be used as a good npproximi-

tion to the cost paranetvr which again mwans that in important practical caseb

(k (p) 0 0, k r(p) a R1, and ks(p) - SI) y will apprcxav-.tcly be equal to the ratio

between the costs of rejection per iren and the costs of sampling inspection per

item. This may be seen in the following way. For k (p) -0 we finda

7 a WI kr(p)/(k.-O.9w2 kr(P 2 )). If furthermore kr(p) - R, and ks(p) - S, we hive

1. + 
(44)7 Sl w It

For R- SI we find y - wl/(w I+ O.lw2). This shows that the sampling plan is rathcr
insensitive to changes of v2 unless R /S is large.

The above discussion of the LTPD system has been carried out from a producer's

point of view. For positivt values of (71,) similar considerations may bc made

by a consumer.
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As mentioned in section 4 tables may be constructed with c as argumenL and (n,N)

as functions of c. Such tables have, however, only been given for the solution

based on Poisson probabilities because in that case it suffices to tabulate m - np2

and M a Np2 as functions of c for a given value of r - pI/P 2, see (20)-(23), which

makes it possible to set up a compact and rather complete table. The two functions

have been tabulated for 14 values of r (0.05, 0.10,...,0.70) and for c S 99 with

the modification that tabulation has been stopped when H exceeds 50,000. Because

only an abridged version is published thc last figure for H given in a colunin may

be lMss than 50,OO even if c < 99 which means that M exceeds 50,000 for the next

entry. M has been determined to three significant figur,.!. The optimum plan is (c,m)

fo[ ?c-1" c" For Y - 5 some of the smaller values of H have been underlined

to indicate that total inspection for these values of M is cheaper than sampling

inspection,and thaL the plan tabulated is the cheapest sampling plan available, i.e.

Mi m

For practical reasons, i.e. to save space and to mnake the tables easier to use in

practice, the tables based on binomial probabilities give (n,c) a- functions oi N.

The exact solution, derived as described in section 4, has been given for

lOOp 2 = 0.5.1,2,3,4,5,7,10,15,20, for five vilues of r - pl/P2 chosen =mong th.

values r - O.1,0.2:...,O.7, and for y - I and 5. giving 1 total of 10 x 5 x 2 -100

tables. The same 20 valucs of N between 30 inu* 200,000 have been used in -ill the

tables. Plans have been computed only for c _- 99. The tablus also icontain P(p,)

which makes it easy to compute R - n + (N-n))Q(pI), R = (I-0.17 2 )Ro+ 0.172N. ind

the average costs K a (k s- k M)R + NkM.

For y > 1 it r.ay happen that total insecLion is cheaptr chin sampling in&.pection

for small lots. Thv chkapest sampling plan available (c as large as possible) has

nevcrthtless been tabulated, and the lUtter t_ (for total inspection) has bun

.dded ifter thw sample size. Such saraples will bc largc as compared to the lec

siz,. since n < N < nL nc+l"

Since log N Is nearly a linear function of c.nt lcast for large lotsrather

accurate vesults may be obtained by corresV-.ndin% interpolAtion. For applications

in practice it is, howver, htirdly worth whill using logarithms, linear Lnter-

polation in N will normally suffice.

To findi a sampling plan for a lot size not used as 4rgument in the table tht first

step should thus be to determine c by liner interpolation w.thh respect to N and

round thc result to the nearest integer. It ;hould then hc noted that n is.a

function of c and p2 only i.e. n is independenz of p,. so that n w.y in many

cases be found corresponding to the given c in another column of the samL LTP)

table. If thit is not so the ncarest n.ighbouring values to the given c may bc



found and it may be determined by linear interpolation with respect tu c. Another

possibility is to use the formula given in section 9.

As an example con•ider the problem of determining the sampling plan Lor N - 1600,

LTPD - 5%, pin 2.5%, and 7 = 1. Linear interpolation gives - - 12 and looking for

n corresponding to c = 12 in another column of the same LTPD table it will be

seen that n - 553. Changing N to 16,000 linear interpolation gives c = 27. The

nearest values of c in the table are 25 and 28 with the corresponding n-values

of 651 and 718. Linear itterpo!ation gives n, - 696, Sometimes n may be found

directly in the corresponding LTPD table for 7 = 5.

Numerical investigations have shown that the proposed method of interpolation will

ordinarily give the correct valie of c but may result in an error of one unit. As

pointed out previously it is essential to use the right method to determine n

when c ha. been found to secure that P(p 2 ) - 0.10. If the rules stated are follc-i'ed

thc plans determined by interpolation will be optimum or very nearly so since the

minimum of the cost function is rather broad.

It is customary in practice to set up rather large intervals for N and use the

same sampling plan for all N within an interval. The present tabler may easily

be used for constructing such intervals in two ways:

(1) The tabular values of N may be corsidered as "midpoints" of

the following intervals:

N Interval

100 85 - 150

200 150 - 250

300 250 - 400

500 400 - 600

700 600 - 850

(2) The tabular values of N may be considered as upper endpoints

of such intervals which means that too large sample sizes wi~l

be used in all cases.

Whatever procedure is applied for constructing such intervals the result will be

that the sampling plan used for a certain interval will only be optimum for tho.

part of the interval which is given L-: (Ncl.,Nc) where c is the acceptance number

used. For all other parts of the Interval the costs will be larger than necessary.

In a previous paper [ 71 similar tables have been given based on a hypergeometr~c

consumer.s risk and a binomial producer's risk as in the Dodge-Romig tablos, and

the relations between the solutions in the three cases (Poisson, Binomial, Hyper-

geometric) have bean discussed. A comparison of the present tables and



Lhc previous ones shows that in most cases a hypergeometric end a binomial con-

s ume :'s risk of 10 per cent will lead to the same valuc of c or values of c

differing only by 1, Only for p,> 0.05 and r > 0.5 do the tables contain values

of c differing by 2 and occasionally 3 and 4 units. One may therefore conclude

that •he values of c found in the present tables may also b_ used-for the case

with a hypergeoetric consumer's risk. The corr ii sample sizze nh

be Netermined from the binomial n with good approximation, from, th ula

h- n (1 - (np2 - c)/2NP2 )). (45)

As an example consider the problem of determining the optimum samprlng plan with

alO per cent hypergeometric consumer's rish for N - 200, LTPD - 5%, pl- 1%, and

1. The present tables show that the "binomial solution" is n - 77 and c - I.

From (45) we find nh= 77 x 0.857 = 66 which actually is the correct result.

In [ 61 has been given a discussion of how to use the Poisson solution fo obtain

au approximaticn to both the binomial and ti. hypergeomeLtrir solution. One of the

advantages of the present Poisson tables is that they contain the solution for

14 values of r whereas the other tables only have 5 values of r. The Poisson

tables cre therefore useful when sampling plans are needed for values of p1 or

P2 not contained in the other tables.

The plans have been tabulated for two values of 7 only, y " and y - 5. Plans

for other values of y may be obtained from these tables by using the result of

section 5 that the optimuzm sampling plan asymptotically c~ly depends on the

produc: of lot size and .o•c paramcter. This leads to the following two rules:

(1) For y 1 3 and a given N compute N** N-/ and uc&e the plan

corresponding to N in the table for y 4 1.

(2) For 3 < 7 < 10 and a given N compute N*- N7/5 and use the

plan corresponding to N in the table for y - 5.

Numerical investigationi have shown that the two rules give remarkably goo'

approximations to the optimum sampling plant also kor small values of N which

means that practically all cAses for y < 10 have been covered by means of the

two given tables. The table for y - 1 tends to give to low an acceptance number

when used for 7 < 1 and too large an acceptance number when used for y > 1 and

analogous results hold for y - 5. In most cases, however, the correct acceptance

number wil. be found or the error will be at most one unit. It should also be

noted that the error tends to increase with r.

It follows that the largest deviations from the exact values of c for y < 5

May be expected to occur for values of ;' around 3. To demonstrate how the

fc-.-ulas work in the worst case an example has been given in Table 1 wh..re the

acceptance numbers for y a 3 have been derived from both tables. It will be ,



seen that the values of c found deviate at most 1 from the correct values apart

from one case where the deviation is 2.

Table 1.

LTPD plans with minimum costs for lO0p2= 5 and 10OPl= 2.
-------------------------- -----------------------------------

Values of c for y - 3 computed from y - 1 and y - 5 compared to the exact values of c.

N Exact c N =3N c N- 0.6N c

30 All 90 0 18 A'l
50 0 150 0 30 All
70 0 210 1 42 0

100 1 300 2 60 0
200 4 600 4 120 2
300 5 9C0 6 180 4
500 7 1500 8 300 7
700 9 2100 10 420 6

1000 11 3000 12 600 10
2000 14 6000 14 1200 13
3000 16 90'0 16 1800 15
5000 18 15000 17 3000 17
7000 19 21.000 19 4200 18

10000 20 30000 20 6000 20
20000 23 60000 23 12000 23
30000 21, 9000 25 18000 24
50000 26 150000 26 30000 26
70000 28 210000 28 42000 28

100000 29 - - 60000 29
200000 32 - - 120000 32

Denoting the upper limit for H = Np2 by M(cy) we have the following approximate

relations for the Poisson tables: For y : 3 use M(c,7) - M(c,l)/y and for 3 < y < 10

use K(cy) - H(c,5)5/7, i.e. compare HM- My and HM- H7/5 with the limits given in

the two tables.

!x yle IA. Suppose that a producer inspects lots of 1,000 items each and that he

has decided on a LTIX) of 5%. His average quality under normal conditions is supposed

to be 1% defectives. It is furttermo:o assumed that ka (p) - 0 from the producer's

point of view, that rejection means sorting, and that costs of sorting are the seme

as costs of sampling inspection per item. According to (42) these assumptions lead

to 7 0 1 and the corresponding optimum plan may therefore be found directly in the

table as n a 132 and c - 3. If, however, sorting costs are only half of sanrling

inspection costs per itrem, i.e. 7 - GC.ý -then tho same table should be used wtth

N - 0.SN - 500 which gives the optimum plan n - 105 and c - 2.
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If rejection means rework of the whole lot and the costs of rework per item equals

the double of sampling inspection costs, i.e. y - 2, then the table should be

entered with N = 2N - 2,000 which gives the plan n - 158 and c - 4. Had 7 been

4 instead of 2 then the table for y - 5 should be entered with N - 4N/5 - 800

which leads to n - 184 and c = 5.

Suppose now that a prior distribution of p gives probability w1 0.85 to p = 0.01

and probability w2- 0.15 to p = 0.05, that the assumptions about the costs are

as above, and that the producer wants to minimize average costs under the restriction

P(O.05) = 0.10. From (44) we then find 7 - 1/1.0176 - 0.98 as compared to 7 - 1

above. Therefore we find the same sampling plan. For the other three cases we

find in the same manner y - 0.46, 2,33, and 7.39, respectively. The only important

change is from 4 to 7.39 which may lead to change the sampling plan (184,5) to

(209,_6).

Example 2. In [8] an example with N - 500, win 0.93, pin 0.009, w2 a 0.07, p2
m 0.080,

Y1a 0.567, and 72- 0.166 has been discussed in details and it has been shown that

the Bayesian single sampling plan is n = 30 and c - 1. This plan, however, gives

a consumer's risk of 29.6% which in certain cases may be considered unsatisfactory,

and we shall therefore find the restricted Bayes solution with a consumer's risk

of 107.

As p1 and P2 are rather small and are not to be found in the tables with binomial

probabilities we shall first derive the solution by means of the Poisson tables.

Since y - 0.567/(l - 0.0168) - 0.577 and M - 500 x 0.080 - 40 we find M7 a 23.1.

From the table for y - 1 and r = 0.11 we read c a 1 and n - 3.889/0.080 - 48.6

whicb gives the binomial nb- 47 using the formula n - (nP2 - c)/2, see [61.

From a table of the binomial distribution we find P(p 2 ) = 0.10104 for n - 47 and

P(p 2 ) - 0.09455 for n = 48. Using n - 48 and c - 1 (so that P(p 2 ) 5 0.10) we find

Q(pl) - 0.06961 and finally R a 48 + 25.0 - 73.0. For the Bayes solution the

corresponding results are Q(p1 ) - 0.0298 and P(p 2 ) a 0.2958 giving R = 30 + 31.3-61.3.

The price to be paid for the restriction required may thus be expressed by means

of the increase in costs from 61.3 to 73.0.

7. AOL sampling inspection plans with minimum costs.

AQL plans are here defined as sampling plans with a given Acceptable Quality Level,

lOOpl, and a corresponding probability of acceptance P(p,), which traditonally

is chosen as 95 per cent.
I2

An analysis similar to the one in the previous section may be carried out from

the point of view of a consumer inspecting submitted lots. Suppose that thq consumer

4
i
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has the following two main objectives: (1) To make reasonably sure that lots of

satisfactory quality are accepted. (2) To keep his inspection costs and decision

losses down.

One may now proceed formally as in section 6, i.e. select an upper limit, pI, for

the acceptable process average and a corresponding risk for the producer, Q(pl)=O.05

say, and then minimize the consumer's average costs for lots of unsatisfactory

quality, K(N,n, cP 2 ), under this restriction. This procedure is, however, not

satisfactory since it corresponds to a restricted Bayes solution with a one-point

distribution giving probability 1 to p = p2 , i.e. the consumer's costs are mini-

mized under the assumption that all submitted lots are unsatisfactory, and this

will naturally give too large samples.

We shall therefore analyse the problem under the assumption that the prior distri-

bution of p is a two-point distribution with parameters (p 1,P 2,w 2 ).

If the parameters are known and the distribution is stable and if p1< pr< p2 the

Bayes solution may be determined as described in [ 8]. If, however, the stability

of the prior distribution is doubtful and/or information on costs is incomplete

the consumer may prefer a restricted Bayes solution.

Firstly the consumer may find it necessary to protect himself against some of the

consequences of a deterioration of the prior distribution and for that reason he

may impose the condition Q(pl) - 0.05 on the plans. This should also induce the

producer to keep the main component of the prior distribution at the level p1 o0

lower.

Secondly the costs of rejection may be (partly) unknown to the consumer because

even if they may seem small in the short run rejection of good lots may in the

long run involve higher prices, difficulties in getting contracts, delayed

deliveries, etc.

The consumer may therefore be forced to modify the model. Instead of minimizing

the •clete cost function without any restrictions he may choose to minimize

the LncomJalete cost function obtained by puttin kr (p) - 0 under the restriction

Q(p ) * 0.05 hoping that the resulting low frequency of good lots rejected will

reduce bis costs of rejection sufficiently.

One of the effects of fixing Q(p1 ) may be judged by noting thaL on the average

the ratio of number of good lots rejected to total number of lots rejected will

be v 1Q(Pl)I(WlQ(p 1 ) + v2 Q(P2 )). For v2 , O.10,Q(p 1 ) a 0.05, and Q(p 2 )m 1, say,

this ratio will be about 1/3.

The samplinS plan is determined by minituiuing the average costs# K(Nn,c), under

the rgetrictLon of a fixed producer's risk Q(pI) - 0.05. This is equivalent to
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minimizing R n + (N-n)7P(p2) with
o 2

Sw 2 (k(p 2 ) - k(P 2 , 72

2 s(k(P2 k r(P 2 ) + wl(ks(pi) - 0.95ka(pl) O.05k(p 1 )) 1 - 0.05y (46)

which problem has been solved in section 4.

Let us consider the case where k (p) . If ,urtther k (p) - S1 and ka(p) -A 2 P we

may introduce the break-even quality pm Sl/. , i.e. the ratio between samgliqn

inspection costs per item of the sample a.d the costs resulting from accepting a

defective item. From (46) we then have

Y w2 P. y ps- 0.95w~pl) (47)

which is an increasing function of w2 taking on the maximum value p2 /ps for Y2m I.

In general, if wI and p1 are knomn only approximately, w1 may be chosen as small

as reasonable and p1 as large as reasonable to find an upper limit for 7 and a

correspondingly large sample s9ze.

The tables based on Poi3son probabilities give m - npl and M - Np1 as functions of

c so that the optimum plan is (c,rc) for N ct< M < MZ. The two functions have been

tabulated for r - p2/pl - 1.50, 1.60, 1.80, 2.00, 2.25, 2.50, 2.75, 3.0, 3.5, 4.0,

5.0, 6.5, 10.0, for y - 0.2 and 1.0, and for c 6 99 with the modification that

tabulation has beet- stoppeJ when M exceeds 50,000. Because only an abridged version

is published the last figure for M given in a column may be less than 50,000 even if

c < 99 which means that M exceeds 50,000 for the next entry.

The tables based on binomial probabilities give (n,c) as functions of N for 20 values

of N between 30 and 200,000. Plans have been computed only for c & 99. As values of

the parameters have been used lOOpl= 0.1, 0.2, 0.5, 1, 2, 3, 4, 5, 7, 10, five

values of r a chosen among the values 1.5, 1.7, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0,

10.0 (with small modifications), and y - 0.2 and 1.0, giving a total of 10 x 5 x 2-100

tables. The tables also contain P(p 2 ) which makes it easy to compute IR,

R- (1- 0.05y)1 +0.O5Ny1, and the average costs K* (ks- k) )R + Nkm

For c < 1 it may happen that acceptance without inspection is cheaper than sampliro

inspection for small lots. In such cases the cheapest sampling plan available (c ns

small as possible) has nevertheless been tabulated and the letter a (for acceptance)

has been added after the smnple size.

The same methods of interpolation as described for the LTPD plans should be used j
here.
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For y 5 0.6 plans may be found from N a Ny7/0.2 and the tables for y u 0.2, whereas

for 0.6 < 7 < 2.0 the tables for y - 1.0 should be used with N = NT.

"Interval-tables" for N may be constructed as indicated for the LTPD tables.

Applications of the AQL system of sampling plans with fully specified prior

distribution and cost parameters do noL cause any difficulties, see Examples 3

and 4.

A comparison of the present system with other AQL systems is rather difficult since

the other systems only partly are basel on explicity formulated mathematical

assumptions. The systems chosen for comparison are the SRG system [12), the SMtS

(Swedish Military Standard) system (10], and the system recently proposed by Dodge

[ 4]. The Military Standard 105 has not been included because the acceptance

probability at the AQL value is not constant but an increasing function of lot

size.

To carry out such a comparison it is obviously necessary to simplify the present

system in particular with respect to the cost parameters because the other systems

do not have explicitly formulated assumptions regarding costs. Using the assumptions

leading to (47), and assuming furthermore(arbitrarily)for the break-even quality

that p p we find for small values of w2

S7V p2 P2/(P " p ) " W2r/(4-l), r P2 p1P.

£au tunction r/WT-l) attains its minlimum which is equal to 4 Zor r - 4 and does not

exceed 5 for 2 5 r S 13 which is the domain of interest in practice. Under the

assumptions stated we way therefore use 4W2 as a rough approximation to y.

Table 2 contains comparLsons of acceptance numbers for 5 AQL values and 7 lot sizes

(Sample size is the sam function of acceptance number for the four systems). for

the three other systems the recomenJed normal inspection level has been used. The

preseun system has been denoted 18 (Restricted Sayes) and the parameters have been

chosen as r - 4 and vw- 0.1 giving y " 0.4. The acceptance nuwers have been found

by entering the Poisson table for 7 y 0.2 with M e 2Np 1 .

Coprison of acceptance numbers.

, .L I oK ,0 . SIG o SW. Uo SW D S .M l. D
WO 0 Ail All 0 1 o1 12 0 3 2 2 13 4 3
300 0All All 0 1 1 O 1 1 2 1 4 3 2 3 7 4 5

1000 1 11 0 2 11 3 23 3. 8 75 5 15 8 6

3000j 1 1 1 1 2 2 3 4 3 3 5 10 10 6 6 22 10 81
100O00 1 12 3 4 25 7 55 6 18 159 822 12 9
30000 1 1 3 5 5 3 61 9 7 6 826 229 922151

1 1 61 5 5 8 9 10 8 9 26 22 11 10 122 15 11
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It will be seen that the SMS and the present system give nearly the same results

whereas the SRG and Dodge's systems have smaller acceptance numbers for small AQL's

and larger for large AQL's.(The sarme is true for the SHS but to a much smaller

degree). One way of obtaining similar results as the SRG and Dodge within the

present framework is to make r a function of pl. From a practic.l point of view

it seems a reasonable explanation that the SRG and Dodge have implied that the

ratio between the typical bad and good quality level decreases with increasing

values of the quality level iLself. Looking for the values of r which will give

the acceptance numbers in Table 2 we find apprcximaately the following results:

SRG and D SMS

lOOp, r lOOP 2  r IOOF2

0.1 10.0 1.0 6.5 0.65
0.4 6.5 2.6 - -

1.0 4.0 4.0 4.0 4.0
4.0 2.5 10.0 4.0 16.0

10.0 2.0 20.0 3.5 35.0

The same idea has actually been built into the tables based on binomial probabilities

since the solution has been tabulited for values of r between 2 and 10 for lOOp,= 0.1

decreasing to values of r between 1.5 and 3 for I00pl- 10.0.

It thus seems that the other systems have a simple interpretation within the present

model. The arbitrary relationship between lot size and sample size in these systems

may be converted to an (arbitrary) relationship between p1 and p2 which, however, is

cisier to irterpret and u~derstanc. It will normally be much easier to reach a moti-

vated decision with respect to the choice of p2 than with respect to "inspection level".

Another way of influencing the azount of inspection is by varying y, i.e. w2 , which

has the simple effect of changing the "effective lot size". If w2 is changed from

0.10 Lo 0.05 the same table should be entered with a lot size half the original one.

The other systens may possibly be obtained from the present one in various other

ways, but the above model sense to give one of the simplest and most useful inter-

pretations contaLiing only two (P2 and w2 ) adjustible parameters. (The other systems

possess a number of simple properties valuable fr -i an administrative point of view

which, however, have not been include,! in the 'iscussion above).

Ea~pjle •Suppose that a consmwr inspects lots cf 3,000 items each coming froo a

process with probability w1 - 0.05 for p e 0.01 and probability w2 - 0.15 for p - 0.03.

It is furLhermore assud that k (p) - 0 frow the consurier point of view, that

sampling inspection costs are 0.15 units per item, an,] that the costs of accepting

a defectivu are 10.0 units, which gives A break-even quality ot ps" 0.015. According

to (471) these assuuptions lead to 7 a 0.650. The sampling plan way therefore be found
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in the table for 7 = 1 with N*= 3000 x 0.650 = 1950 which gives n - 399 and c - 7.
The same result may be obtained from the table for v - 0.2 with N*= 3000 x 0.650/0.2 -

9750.

ExMle 4. Using the data from Example 2, but changing the condition from
P(p 2 ) - 0.10 to Q(pl) - O.0!e * find y - 0.168/(1-0.05 x 0.567)- 0.173. From

M - 500 x 0.009 - 4.5 we find MH= 4.5 x 0.173/0.2 a 3.89 which shouid be ciuarc`
to M in the PoLsson table for 7 y 0.2 and r - 0.080/0.009 - 8.9. The result is
c - 1 and n - 0.3555/0.009 - 39.5. A table of the binomial distributiou snows that
Q(pl) 0.04818 for n - 39 -ad Q(pl) - 0.05042 for n - 40 so that n - 39 mrust be
preferred if the condition Q(pI) S 0.05 has to be respected. As P(p 2) - 0,16995 we
find I a 39 + 25.8 - 64.8 which exceeds the Bayesian costs by 3.5.

8. JOL M .linz inspection plans with minimum costs,

IQL plans are here defined as samplinA plans with a given Indifference Quality Leve).
lOOP, an a corresponding probability of acceptance P(po) = 1/2.

0
The IQL plans are particularly well suited for use in cases where the producer and
the costumer are parts of the same firm. The reasons for using the restriction
?(pO) - 1/2 are of a similar nature as those discussed in the two previous sections.

It is clear that all the results regarding LTPD plans with a one-point distribution
of p may be used analogously for IQL plans based on minimization of IR n + (N-n)TQ(p1 ).

0Such plans are generalizations of the plans dLscussvd by WeLbull f13J and tabulated
by Narkblck (11] in the sum sense as the LTPD plans are generalfiations of the Dodge-

Rodi plans.

For a twe-poLt prior distribution, however, new problems arise since it is not
possible to reduce A - a + (N-n)( 1Q(pP1 ) + 72 P(p 2 )) as for the LTPD and AQL plans
bcause the restriction P(po) - 1/2, pl< po< P2 , cannot be used to "eliminate" Q(pl)
or P(pW) frm I. The restriction leads to the desirable result that both the producer'#
AM th caos r's risks tend to ero with increasing saMle size.

The restriction

?(po) - S(c,n,po) 1/2 (48)

defiee a relation n - n between n ane c. Proceeding as in section 4 we find that the

plan (Cn%) is optimn for N < N < 9 where

IIV Qc+1" (1-T1Q(Pl)"- 72P(P2))& nc/(71'5 Q (V1)+ 726 P(p2)),'

Q(pl) a l.-.(cncpl), and P(p 2 ) - B(cnDcP 2 ). Optim. plans may ther efore be tabulated
by a similar procedure as described in section 4 the only essential difference being
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that the plans here depend on five parameters (po 2' 71'72) instead of three

(PI, P2 ' 7).

The asymptotic properties of the system may be found as in section 5. The condition

(48) corresponds to

c nPo- np - p) + 0(1/n), (49)
o3 0

see (26), or

2n. h - p + k + 0(1/n) (50)
n o n

where b = -(2 - )/3.

Settin& X -n•(h.'pi)
f(n,p) - • e)(51)

and qo0 7iPi

XioP (52)

we find by means of formulas analogous to (29) and (34) 1_

at - n + (N-n)(f(n, pl)+f(n, p 2))(I + O(n 2and .

p(h,p) - w(p, Pi) + k In - + O(n ).

For n -> one of the exponential terms will be infinitely small as compared to the

other depending on which of the two coefficients (p(po,Pl) and is(po, a the larger.

The solution will therefore have the same asymptotic properties as those previously

studied with the exception that instead of having one risk fixed and the other

inversely proportional to N, both risks will here tend to to PM inI*rooly•(oP2) / 9;(Po' Pl)
proportional to N and the other inversely proportional to N 1 say,

if P(po, p2 ) > q,(popl).

This lack of symmetry will normally be considered unreasonable, and unless there

exist strong reasons to the contrary p should be chosen so that V(P 'Pl) " (Po'P 2 )

which gives

p (l/I o$ 1q1p2  (54)
00 q X/~o qp)

For this value of p we find

R.n + (N-n) (I +0(+ n (55)

where ro . qP(popl) "f(po p2 ) and

bo- le +•,ln(poq /qop 1 ). (56) I
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Minimization wich respect to n gives

1

ln(N-n) 0 n + ln n - ln(oqo) + o(1) (57)

and

%in R - n + 11/ + o(l). (58)

For the risks we have
-bq)

Q~ -1.e 1-+ 1 59)
q(Pr) " "N-n N

and a similar er'pressic'i for P(p 2 ) which means that

P2(P - Pl eb (°" 11

P(p-> plP2, pQ ) 1 P, (60)

say. Since b ; -2/3 we find
1/3 2/3

Po0 P! (P2 (61)
p2- P0  P1, \ q I.,'

To find an approximation to p for small values of (p.,p 2) we let p1 "> 0 for fixed

r a p2 /pI which leads to

r- I- In r 1/3
0 >r in r - r + r . (62)

The limiting value of p increases slowly fro"x 1.00 to 1.06 for r increasing from

I to 20. for moat purposes it will be sufficiently accurate to use p - 1.

By means of (49) and (57) we may find goofl ,tpproximtions to the ZQL plant%.

There existu, however, another possibility of approximating these plans by making

use of the property (60). Writing

R a n + (N-n)Q(pl)(7 1 + 72 P(P 2 )/Q(pl))

end noting that (60) doets not depend on the mainiitSion but only on the reostrictcion

P(po) -1/2 we have for large N that
0

- n + (N-n)(7 1+ Py2 )Q(p 1 ). (63)

It seem tbarefore reasonable to usa the IQL plan defined by the parameters (p, P0,7)),

I O217 i.e. a plan based on a one-poiut distribution of p, as approximation to

the iZQL plan defined by (plP 2 , 1 3,7 2 ).

The above result may also be derived formally from the asymptotic expressions for R.

Consider the problem of mininising Rt 0a n + (W-n)7Q(P 1 ) for an arbitrary y under theo
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restriction P(po) 0 1/2. Proceeding as in section 5 we find
0l

~'-b~pj 1 ~ A

0 - n + (N-n)- e -e (1 + O(n 2) (61)

which is analogous to 03). Comparing (64) and (55) it Will be seen that the two

expressions ac,: identical for
ki7 -b¢p•

71 0

and solving for y we find y =y 1+ ("2.

It should furthermore be noticed that the IQL plans and the Bayesian plans defined

by (p ,P 2 yl~,y2 ) have the same asymptotic properties, see [8j. For the Bayesian

planh we have that c np o+ a + o(l) which means chat asymptotically P(p ) - 1/2.

The asymptotic form of R which has to be minimized with respect Lo n to find the

bayesian plan is identical to (55) with a substituted for b. The essential d.ffercnce0

between the Bayesian sampling plan and the corresponding IQL plan lies therefore in

the different constant terms of the linear relations between c and n. A good approxi-

mation to the Bayesian plan may therefore be found be looking up the value of c in

the table of the corresponding IQL plan and computing n from c by means o the correct

(3ayesian) relation, see the examples l3ter in this section.

It follows tha.: the IQL plans have cconomic efficiency 1 for N -> ao as compared to

the Bayesian plans.

The IQL plans "ave thus very desirablh propertiest

(1) The restriction P(p ) - 1/2 corresponds practically to a linear

relation betwcen n and c.

(2) The relation between n and N is approxiumately equal to
ln(N-ri) on + !ln n - ln(o

(3) The produc•r's and consumer's risks are nearly equal and tend

to zero inversely proportionsal to N.

(4) Asy-zaptotically the minivman costs are n + I/yo, i.e. decision

losses tend to zero as co~apard to sampling inspection costs.

(5) T1b.c plans for a doubie binociial prior Jistribution mey be found

approwimately fron the plans foi a single binomial distribution

which reduces the necessary tables greatly.

(6) The IQL plans have asymaptotic efficiency equ.al to 1 as compared

to the Bayesian plans.

(7) The IQL. plans may be used to find good approxir4ations to the
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The tables of IQL plans are based on a one-point prior distributh1n and correspond

to the previously discussed tables ot LTPD plans. The rules given in section 6 for

interpolation, construction of "interval-tables", and rhange of o'st parameter may

therefovc be applied.

The tables based on Poisson probabilities give M(c,7) for 7 1 I and c 5 99 for

r = pl/po M 0.10, 0.15, ... , 0.80.

The tables based on binomial probabilities show the nptimum -lans for lOOp 0.5,

1,2,3,4,5,7,10,15; for five values of r chosen among the values 0.2,0.3,...,0.8,

and for 7- 1., giving a total of 45 tables.

Tables are given for 7 - 1 only since these inay be used to find plans for all 7 < 10

by intering the tables with N - N7.

On the basis of the asymptotic theory above it has been postulated that the tabulated

IQL plans which are based on a oLne-point prior distribution may be used tvi find the

IQL plans for a two-point prior distribution with good approximation also for small

values of N. This has been confirmed by numerical investigations, and a few tyrical

examples based on Poisson probabilities are shown below for k r(p) -I ks(P), pr- 0.01,

and w20 0.05.

Table 3.

Comparisons of acceptance numbers for equivalent IQL plans based on one- and two-point

prior distributions.

0.004 po 0.02 pA 0.0050 po o 0 p1 006 0o 001

P 0.060 p - 0.949 P 2 0.0175 p a 1.004 p,= 0.015 p - 1.079

N 72= 0.439 / 1.4,17 T2 0.0790 y - 1.079 Y2= 0.066 - 1.071

300 0 0 0 0 0 0
500 1 1 0 0 0 0
700 1 1 0 0 0 0

1000 1 1 1 1 1 1
2000 2 2 2 2 2 2
3000 2 2 3 3 3 3
5000 3 3 5 5 6 6
7000 3 3 6 6 7 7

10000 4 4 7 7

Under the assumptions stated y1 = I and pp, and y have been computed from (54), (61),

and 7 - 71+ "72. It will be seen that the approximation is excellel also for small

values of N evL, in cases where P2 p1 I is quite small.

it has alt~o been postulated that the acceptance
number for the Bayesian sampling plan based on a two-point distr..butioh is approximate,

ly equal to the acceptance number for the "equivalent" IQL plan for a one-point



distrit, ition. Num.erical investigations nave, confirn-d that the approximation is good

for p2 /P 1> 5, whereas deviations of I or 2 may occur for 3 < p2 /p 1 < 5. For p2 /pl< 3

the appreximatiýe is usually poor. The following typical examples are based on the

sawe assumptions as in Table 3.

T-bl' 'l,

Comparisons of acceptance numbers for Bayesian plans and equivalent IQL plans.
- - ------------------------------ - - - - - - - - - - -- - - - - - -- - - -

P -0.004 p -0 .0 2 |pPl.004 p -0.0OIOn•-0.0O50 poO ,O10 p1=0.006 po-0.010

P21O.06C p --0.9• p2 -0.O 20 p -1.015 p2-O.0175 p =1.004 p2-0O.015 p -1.079

N y2=0.439 y =1.414 720.088 7 -1.O89 72-0.0790 y =1.079 y2-0.066 7 -1.071

300 1 0 Accept 0 Accept 0 Accept 0
500 1 1 0 it 0 " 0
700! 1 1i 0 " 0 " 0

10O00 2 1 1 1 " 0
2000! 2 2 2 2 2
30001 3 2 " 2 3 3
5000; 3 3 3 " 4 " 5
e03 3 3 4 "6 7

10000 4 3 4 5 5 7 " 9
30000) 5 5 7 8 10 11 11 16

1000001 6 6 11 11 15 17 21 25

EM _le 5. The data are as in Examrple 1 with the modification that the producer has

decided on an IQL of 3% instead of a LTPD of 57.. For pin 0.01, po- 0.03, 7 - 1, and

N - 1000 we find the IQL plan in the table as n - 89 and c - 2. If y had been equal
,

to 1/2 in6tead of 1 the table should have been entered with N - 500 which gives the

plan n = 56 and c - 1.

Suppose now that there exists a prior distribution of p with probability win 0.85

for p t 0.01 and pi-obability w2 = 0.15 for p - 0.05 and that the producer wants to

minimize average costs under the restriction P(p ) - 1/2 where p is determined by

(54), i.e. po0 0.0250. For k r(p) - k s(p) and k a(p) - 0 we find 71 1 and 72- -0.176.

Front (61) it follows that p - 0.998 so that 7 - 71+ P7 2 = 0.824. For N - 824 the

tables for IQL a 27. and 37. give c - 1 and 2 respectively. Consulting the Poisson

table for r - p!/po - 0.40 and 1 25 x 0.824 - 20.6 it will be seen that c a 2 is

to be preferred. From (49) we then find n - 106.

Example 6. To find the IQL plan for the data in Example 2 we first compute p" 0.033

by means of (54), p - 1.001 from (61), and 7 - 71+ pv2- 0.735. Entering the IQL

Poisbon table with M*- 500 x 0.033 x 0.735 - 12.1 and r - 0.009/0.033 a 0.27 we

find c * 1 and n = 1.678/0.033 a 51. The binomial probability P(po) - 0.49496. From
0

Q(Pl) 0.07732 and P(p 2 ) - 0.07733 we find R a 51 + 25.5 - 76.5.72 )-1 -64
Using c a 1 to find the Bayesian nc we compute a - (log )/(lo -16.4,

1q2
*SW



- 34 -

I/po- 30.3, and n =- -16.4 + 30.3 x 1.5 29 as compared to the exact solution

n 30.

The results found in Examples 2, 4, and 6 have been surnarized in the following

table.

Plan c n R lOOQ(pl) lOOP(p2)

LTPD 1 48 73.0 7.0 9.5

AQL 1 39 64.8 4.8 17.0

IQL 1 51 76.5 7.7 7.7

Bayes 1 30 61.3 3.0 29.6

9. The OC-curve.

Let the solution of the equation lOOP(p) a, 0 < a < 100, be denoted by p . From

(49) we have with good approximation

p'(c + 2,)/(n +

so that pso may be easily found for any given sampling plan.

In [6] it has been shown that an approximate solution to the equation lOOB(c,n,p) a

may be found by first solving the corresponding Poisson equation 100B(c,m) - a with

respect to m and then computing

p . m/(n + mc

The accuracy of this approximation has been checked numerically for plo and p9 5 .

The relative error is normally a decreasing function of c and an increasing function

of p.

For plO the relative error is less than 0.5% for all c and for all p < 0.20 which means

that the formula gives plO to three significant figures in practically all cases.

For p9 5 the relative error is less than 0.5% for all c and all p < 0.05, less than

1% for p - 0.10, and less than 27. for p - 0.20. (For p - 0.20 the statement does not

hold for c - I where the relative error is 4%).

Values of m as function of c may be found in the LTPD and AQL Poisson tables in the

Appendix, or in a table of X 2-fractiles.

By using this simple formula and the information jiven in the sampling tables itare

follows that at least four points on the OC-curves/known or easily found.

Consider for example the LTPD plan for p2 " 0.10, pl= 0.04, 7 - 1, and N - 300, which I
give (n,c) - (78,4). The table gives P(pl) - 0.798 and P(p 2 ) a 0.10. The formulas
above give p5O" 0.060 and P9 5 - 1.970/(78-1.02) - 0.0256.

It should also be noted that the same plan may occur in other columns of the same
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LTPD table or in the corresponding table for y - 5 in which case further values

of lOOP(p) may be read from the table. Ir the example above we find in the table

for y - 5 and plI 0.03 the result P(pl) - 0.915.

Consider the plan for N - 500 instead of N - 300. The plan is (n~c) - (91.5) and it

occurs in all columns of the table either for r - 1 or Y - 5. Therefore 6 poInts on

the OC-curve are given directly by the table.

As a further example consider the IQL plan for pow 0.05, pl 0.03, Y - 1. :iia

N - 1000, which give (nc)=(113,5). The table directly gives P(0.015) - 0.993P

P(O.02) = 0.974, P(O.03) - 0.875, and P(O.05) = 0.50. The formula gives

p9 5 = 2.613/111.8 - 0.0234 and po10 0 9.275/115.1 = 0.0806. Furthermore the relation

P(p 1 ) + P(p 2 ) ; 1 may be used to obtain the three approximate values of P(p 2 )

corresponding to thc given values of P(p 1 ) since p2 has been tabulated as function

of p0 and p1 on p. 31 in the Appendix.

It should finally be noted that in case c and p are known, the formula may be used

to find n as

m m - cin rn-c
n n-~ -

p 2

10. A generalization of the AOQL system of sampling inspection plans.

Suppose that the quality distribution of the main part of lots submitted for inspection

is a binomial distribution with parameter p1 and that the prior distribution other-

wise is unknown. Suppose further that the cost functions are k s(p) - S11 kr(P) - R1,

and ka (p) - A2p. The average costs for lots of quality p due to accepted defective

items then become (1-n/N)A 2 pP(p) per item of the lot. In an attempt to control the

damage re&ulting from accepted defective items one might specify an upper limit, kL

say, for thcse costs instead of choosing P2 and P(p 2 ) as in the first part of section

6.

As a reasonable principle for datermwoUtasampling plan one may then choose to minimize

the average costs for lots of norual quality, i.e. R - n + (N-n)TQ(p 1 ) where

y o (R1 - A2pl)/(S1 - A 2 pl), under the restriction that max ((1 - n/N)A2 pP(p)) - kL.
p

One of the advantages of this system as compared to the LTPD system is that the

(arbitrary) choice of two parameters, viz. P2 and P(p 2 ), s replaced by the choice

of one parameter, kL, which In most cases also will be moe meaningfu". Furthermore

the system has the property that both the producer's and the consumer's ,isks tend

to zero for n -> .

It will be seen that kL/A- PL is identical to the AOQL in Dodge and Romig's zer-

minology L3). For y- 1 we obtaiu the DoVodgu-Romig AOQL system.
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The asymptotic properties of the present system are therefore identical to the

properties of the AOQL system, see Hald and Kousgaard [91, with one addition

which takes into account that y may be different from 1. Comparing the proof

in [93 with the corresponding one for the LTPD system given in section 5 it follows

immediately that the result regarding y is valid in both cases, i.e. the sampling

plan for lot size N and cost parameter y is for large N equal to the plan for lot

size N- N7 and cost parameter I. It is conjectured that this property holds also

for small N with good aproximation if only y < 3. The Dodge-Romig AOQL tables may

therefore be used in such cases.

If rejected lots are rectified pL has the usual AOQL interpretation. In cases with

unknown A2 and rectification one may therefore specify PL and minimize R with

y = R1/SI since A2 p1 normally is small.

11. General remarks.

We shall here compare the three systems of sampling plans and the Bayesian solution

under the assumption that pl< pr< P2' Furthermore some comments on the three systems

arc. given for the zase wtere p_ is unknown because one of the components, k (p) or

k (p), of the cost function is unknown. We shall, however, always assume that p1

represents a satisfactory and p2 an unsatisfactory quality level so that lots of

these qualities ideally should be accepted and rejected, respectively.

For a given prior distribution and given coots the ontimum solution is the Bayesian

one which for small N ofter will be acceptance (or rejection) without inspection.

However, if the assuLiption of a stable prior distribution fails and there is no

inspection heavy losses mey be incurred before the change will be detected. There-

fore a need exists for supplementing the Bayesian solution for small N with a

sampling plan or for rcplacing the Bayesian solution in general by a system with

similar properties as the Eayesian for large N and leading to a reasonable sampling

plan also for small N. It follows frou the discussion in section 8 that the IQL

system has the desired properties, i.e. the IQL plan with parameters (po,Pl,7 1 + Yd

is recocSended -s a gubstitute for the ravesie.sn jokttion with parameters (p 1 ,p 2 ,YlY 2 )

if the possibility vf a deterioration of the orior distribution has to be taken into

account.

The LTPD and the AQL system way also be used for small lots buc not for large lots

since the economic efficiency of these plans as compared to the IQL and Bayesian

plans tends to zoro for N -> n. This is due to the fact that the fixed risk

introduces a term proportional to N, 0.172N and 0.05y1 N respectively, into the

average costs and this term •iil for large N dominate over the sampling inspection
costs n - O(In N) and tho remainiag decision losses which tend to a constant. see

section 5. Prom aeconoc pint of view it is therefore not advisable to use the
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LTPD and the AOL system for large lots. These systems will tend to give too small

sample sizes and too large costs because of the fixed risk.

In view of the conclusion above it seems reaqon.3lP ri try t- :.... rulate the

ideas behind the LTPD and the AQL system so that the fired risk required only

becomes of importance for small lots. This might be done by minimizing the average

costs under the restriction P(p 2 ) - 0 for N 5 No and P(p 2 ) ONo/N for N > N (or

similarly Q(p1 ) - a for N 6 No and Q(pI) - aN IN for N > N ) Theory and tables

for such plans may eas.ly be developed along similar lines as in the present

paper, but they have the drawback of depending on two arbitrary parameter3, (0,N )

or (i,N0).

It is possibly not worth while pursuing this idea further because a similar effect

may be obtained by switching over from the LTPD (or AQL) system to the IQL syster.

for a certain value of N, N say. If for some specific reason an upper limit of0

107. has been fixed for the consumer's risk one may use the LTPD system for N 5 N0

and the IQL system for N > N where N is determined so that IQL plans for N ) N

all have P(p 2 ) < 0.10.

As discussed previously another reason for introducing restrictions on the Bayes

solution may be lack of detailed knowledge of one of the cost components, ks(p)

or k (p). This does not, however~change the results of the above discussion ifr

only it is clear that p1 represents a satisfactory and P2 an unsatisfactory

quality level. Since the economic consequences of wrong decisions are more serious

for large than for small lots it is necessary that the risk of wrong decisions

decreases with increasing lot size. This condition is satisfied by the IQL system

but not by the LTPD and AQL systems.
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LT•D siigle s mpliri tables with ,:onsumer's risk of 10 %

and minimum average -osts.

The table* on pp. 4 - 13 are based on a binomial consumer's risk of 10 7., P(p 2 ) 2 0.10,

and a binomial producer's risk, Q(p 1 ) - I , P(pl). The sampling plans given minimize

the average costs R0 a n + (N-n)TQ(pl).

The same plans minimize the average costs R - n + (N - n)(y 1 Q(Pl) + 72 P(P 2 )) for

P(p 2 ) - 0.10 since R - (I - 0.172) R° + 0.7l2 N with y - 71/(1 - 0.172).

The condition P(p 2 ) 0.10 has been fulfilled as nearly as possible in the way that

n has been determined as the smallest integer satisfying B(cn,p 2 ) is 0.10.

The tables give n,c and 100 P(pl) as functions of N for I - 1 and 5, and for the

following 50 combinations of 100 p2 and 100 Pl:

loop 21lop1

0.5 0.05 0.1 0.15 0 0.25

1 0.1 0.2 0.3 0.4 0.5

2 0.2 0.4 0.6 0.8 1.0

3 0.3 0.6 0.9 1.2 1.5

4 0.8 1.2 1.6 2.0 2.4

5 1.0 1.5 2.0 2.5 3.0

7 2.1 2.8 3.5 4.2 4.9

10 3.0 4.0 5.0 6.0 7.o

15 4.5 6.0 7.5 9.0 10.5

20 ; 6.0 8.0 10.0 12.0 14.0

Nethods of interpolation have been discussed in section 6.
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The tables may be used for ,+ 1 and 7 + 5 in the following way? For y 53 copute

N- N7 and use the plan for N and y - 1. For 3< y < 10 compute N - N7/5 and use

the plan for N and 7 a 5.

For 7 > 1 total inspection is cheaper than sampling inspeýtion if Q(pl) > 1/y. In

such cases the letter t has been added after the sample size.

If the consumer's risk is defined as a hypergeometrir, instead of a binomial

probability a good approximation to the solution may be obtained by using the

binomial c. and correctig the binomial n to nh w n[) - (np 2 c)/(2NP2 )].

The tables on pp. 14 16 are based on the same assumptions with the only modification

that the consumer's and the producer's risks have been computed from Poisson

probabilities. The functions m - nP 2 and M - Np2 have been tabulated for M < 50,000

with c and r = pl/p 2 as arguments for c i 99 and r - 0.05, 0.10,...,0.70, and for

7 = I and 5. The optimum plan is (c,m) for M(c 1) <H <M(rc).

For 7Y 3 use M = - M7 and the table for 7y= 1. For 3< 7 < 1O use H - 7/5 and the

table for 7 = 5.

Underlining of M in the table for 7 = 5 means that total inspection is cheaper

than sampling inspection.

An approximation to the "binomial solutior," may be obtained by using - from the

PoLsson table and correcting the corresponding n to nb - n - (np, c)/2.

i
I
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Single Sanpling Tables for LTPD 0.5 per cent and 7 =1

lOOp 0,05 0.10 0,15 0.20 1 0.25

N n n OOPr n c IP r. C 10 n c IOOP n c loop

30 -.U - All - A1 2 - - - - A - -5W 79. 460 3. 460 0 50.1 I460 0 39.8 460 0 31.6700 460 0 79.4 46o 0 63.1 46o 5o.1 460 o 39.8 46o o 31.61 4 0 79.4 o0 i 46o 0 39.8 460 0 31.6

20 46o 0 79.4 777 1 81.7 777 1 67.5 777 4 5.0 777 42.1300o 777 1 9..2 777 1 81.7 1063 2 78.5 11o63 2 64.3 11o3 2 50.450 777 1 14.2 io63 2 90.8 1335 3 85.7 1597 4 78.2 1597 4 65.o
7000 777 1 9-.2 1335 3 95. '159W 4 90.5 i1853 5 82.9 2105 6 72.3

10000 1063 2 98.3 1335 3 95.3 1853 5 93.7 123 7 89.6 2839 9 82.i

20000 1063 2 93.5 11597 4 97.7 i2352 7 97.2 "179 10 95.1 4023 14 .430000 1335 3 99.5 1853 5 98.8 12597 8 98.2 3317 1 96.2 4718 17 14.550000 1355 3 99.5 2105 6 99.4 12839 ,5.8 4(v3 14 98.2 5406 2,C 96.570000 133 5  99.5 '2105 6 99.4 3079 10 ', --L6 15 98.6 6087 3 9100000 1597 4 99.9 2352 7 99.7 3317 11 17'1- 7 99.2 65,9 2 5 98.3200000 1597 4 99.9 12597 8 99.9 3)5h 12 99.• i78 19 99.5 7639 50 99.2

Single Suqling Tables for •,RP) 1.0 per cent Knd 7 -1

1OIp 1 f 010 0.20 1 0.30 1 0.4o 0.50---- a ----e ........J.......... .oe .........4....~sen - .... __O ...~ .. eo.a ...... .....e -
N n c loop I c Vxr n c IC0P n c loop rl c 'OOPI

ZOO All - - A.1 - - Al - - !AU - - - -300 230 0 79.4 250 0 63.1 . 230 C 50.1 230 0- 39.8 30 0 31 .500 230 0 79. 4 230 0 63.1, 230 0 50 < 230 0 34.8 2A0 ) 31.6"700 230 0 7.94 23o c 63. 1 .,50.' 2 0 .8 23 0 0 1.61000 230 0 79.4 388 1 81.7 1 5-8 6 •7.6 &q ' . 5, 1 52.9

OO j3m8 1 94.2 2.5 1 2 9 551 2 7 .9 5 1  7 3 7. 6t:7 3 57.23000 3W 1 94.2 531 2 go. 8 667 3 8', - T 872 )26 5
5000 51 2 98.3 667 Q 95.4 < 926 175.7 15 ,.. 41ii 9 .27000 531 2 98.3 798 .7 :151 6 1: .8 124! 6 :; 11 86.71o0o0 531 2 98.3 798 97 .7 •1175 7 ,7.2 153 IC "5.1 20•10 1 1 .4

200oo 667 3 99.5 e6 --8.8 1297  ;A2 1•8•43 13 7..7 2587 19 95.-.50000 667 5 99.5 1051 6 99.4 1141- Q 96.6 2010 14 98.2 2-• 22 97.4.50000 798 4 99.9 1175 7 99.7 165oA 11 99.5 2242 1b 98.9 ,326- 25 948-470000 798 4 99.9 1175 7 99.7 1776 12 99.7 2473 18 99.4 3604 28 9.09.100000 798 4 99.9 1297 8 99.; 1776 .2 29.7 2587 19 .s5 138C 30 S)o .22 0 16 5 100.0 1418 9 99.9 2010 14 99.9 ; .
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Single Simolifng Tables for LTPD - 2.0 per cent and y - 1

- on -----ano------- C on ntae- -- - e------------- On

loop 1 0.20 0.40 o.;o 0.8o 1.00

NI n 100P n c 100P n c loop n c 1OPI n C loop

1o0 Aln A All A.11All - - Al - -

200 114 0 79.6 114 0 6.,3 114 0 50.4 114 0 40.0 ;14 0 31.8
300 1I14 0 79.6 114 0 63.3 114 0 50.4 114 0 40.0 1;4 a 31.8
500 o14 0 79.6 194 1 81.8 194 1 67.5 194 1 54.o0 194 1 42.1
700 194 1 94.2 194 1 81.8 265 2 78.6 265 2 64.4 265 2 50.5

1000 194 1 94.2 265 2 90.9 P63 2 78.6 33) 3 72.2 333 3 57.3

2000 265 2 98.3 333 S95.4 39 8  4 90.6 525 6 86.8 587 7 76.2
3000 265 2 98.3 333 3 95.4 462 q 95.8 587 7 89.7 766 10 84.7
5000 265 2 98.3 398 4 97.7 587 7 97.3 768 10 95.2 945 15 90.2
7000 333 3 99.5 462 5 9g38 587 7 97.3 828 11 96.2 11120 16 93.7

10000 333 3 99.5 462 5 98.8 648 8 98.2 945 13 97.8 1292 19 96.0

20000 398 4 99.9 525 6 99.4 768 10 99,2 1120 16 99.0 1519 23 97.8
3000C 398 4 99.9 587 7 99.7 828 11 99.5 1177 17 99.2 j1688 26 98.6
50000 398 4 99.9 648 8 99.9 887 12 99.7 1292 19 99.5 11912 30 99,.3
700oC 462 5 100.0 648 8 )9,9 95 13 99.8 1406 21 99.7 '2C3 32 99.5

100000 46. 5 100.0 708 9 99.9 1oo4 14 99.9 1463 22 99.8 j2134 34 99.6
2 00CX 462 5 100.0 768 10 100.0 1120 16 99.9 1652 25 99.9 !2410 39 99.5

Single SwamplIrng TIble• fr LTFD - 5.C per cent and 7 -1

IOCP1 1! .)o 0.60 0.90 1.20 1.50

1OP n C I oc r lOOP n 1 1CP n c IOCI

70 All - f A - Af - - A.11 - All - -

7oo 7 l 76 70 0 o -3 0 50.0 76 0 o40.0 76 If 31.7

200 76 0 79.6 76 0 63 .3 76 C 5•0.3 7 C, 0•0. 76 0 31.7
3M00 76 0 79.6 76 0 63.3 1 1 67.7 129 *.1 129 1 42.2
500 129 1 )4.2 129 1 81.• 176 2 78.8 176 2 64.6 '76 2 5C.7
700 129) 1 )4,2 176 2 "i• - i7u , 783.8 2•1 3 72.5 12 5 57.Y

1000. 129 1 '4.2 176 2 f1.o .0 21 3 86.0 265 4 78.5 349 6 72. 8

2CM W7 2 08.4 221 5 95.5 508 5 93.8 39C 7 89.9 511 10 i14.
30oo 176 2 98.4 265 4 W .7 x4'9 6 96.0 471 9 93.9f 629 )A 90.4
5COo 221 3 99.5 308 5 , 48.9:31 8 96.3 551 11 Z 784 17 J4,.7
70CC 221 3 99.5 3o8 5 9•.d ,7l 9 98.) 69 13 f,8 86c 19 Y,

10000 221 3 99.5 349 6 9I. 4  1471 9 98.0 666 14 98.3 )36 21 J7.1

20000 265 4 99.9 3900 7 99.7 551 11 99.5 784 17 -9.2 1124 26 #8.7
30000 265 4 99.9 :4.1 8 99.9 5)0 12 99.7 *,0 19 79.5 1 3U 29 Th.
50000 308 5 100.0 431 8 . 6,) 13 99.8 93• 21 79.7 1385 33 99.6
700WO 308 5 100.0 471 9 9.) 668 l , 99.9 974 ý2 :.8 t 1458 5 /9.7
100000 308 5 100.0 471 9 99 .9 707 15 99.) 11049 24 'I.9 , 15- 5 e-9.8

200000 ,x 19 6 100.0 511 1Q 100.0 784 ¶7 100.0 111%4 26 99. 1 715 42 ').
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Single Sampling Tables for LTPD = 4.0 per cent wid y =1

IOCp 1  0.80 1,20 1.6o 2.00 2,40

N n c lOOP n c lOOP n cl O1P n c 100P n C loop

50 All - - .Al1 - - Ail - - All - - All - -
70 57 0 63.3 57 0 50.3 57 0 39.9 57 0 31.6 57 0 25.0100 57 063.3 .5-7 0 50.3 57 o 39 ,9  57  0 31.6 57 0 25.0

200 57 0 63.3 57 0 50.3 57 0 39.9 57 0 31.6 57 0 25,0
300 96 1 82.1 !96 1 68.C 96 1 54.4 96 1 42.5 96 1 32.6500 132 2 91.0 132 2 78,8 166 3 72.4 193 4 63.7 198 4 48.3
700 132 2 91,0 166 3 86,0 198 4 78,7 20 5 60,6 250 5 52.4
1000 166 3 95.5y 198 4 90.8 230 5 83.4 292 7 76,7 353 9 65.7

2000 198 4 W7.8j 262 6 96.0 353 9 94,0 442 12 88.9 587 17 82,3300o 198 4 97.8 292 7 97.4 383 10 95.3 530 15 92.9 701 21 87.4
5000 230 5 98.9 323 8 98.3 471 13 A-7.9 616 18 95.5 870 27 92,47000 262 6 99.4 353 9 98.9 501 14 98.3 701 2i 97.2 1037 33 95-510000 262 6 99.4 383 10 99.3 j30 15 98.7 786 24 98.2 ".20 36 96.5

20000 292 7 99:7 442 1.2 99.7 616 18 99.4 898 28 99.1 1367 45 98.4
30000 323 8 99,9 471 13 99.8 ;673 20 99.7 982 31 99.4 1504 50 99.0
50000 353 9 99.9 501 14 99.9 701 21 99.7 1065 34 99.6 1612 54 99.3
70000 353 9 99.9 530 15 99.9 758 23 99,8 1120 36 99.7 1775 60 99.6

100000 383 10 100.0 559 16 99.9 786 24 99.9 1203 39 99.8 1883 64 99.7200000 413 11 ICO.0 587 17 100.0 870 27 99.9 1513 43 99.9 j2071 71 99.8

Single Sampling Tables for LTPD = 5.0 per cent and 7 =1

loop1  1.00 1.50 2.00 2.50 3.00
a aa aa a aa aa i aaa .. 1.ee aaai aaa na.. ----------- a~iLa-------------aaa aaan lOOP n c 103P1 n c lOOP n c lOOP n c OOP

30AAll - -A - - AAll - - All - - AlU - -50 A4U5 0 63.6? 45 0 50.7 45 o 4o.3 45 0 32.0 45 0 25',-
70 1 45 0 63.6 45 0 50.7 45 0 40.3 45 0 32.0 45 C 25.4

100l 45 0 63.6 45 0 50.7 45 0 4o.3 45 0 32.0 45 0 25.4

200 77 1 82 ,0 7  1 67.9 77 1 54.3 77 1 42.3 77 1 32.4300 77 1 82.0 105 2 79.1 !105 2 64.9 105 2 51.0 105 2 3847
500 105 2 91.1 132 3 86.2 158 4 78.9 158 4 63.9 158 4 48.5
700 132 3 95.6 158 4 90.9 I3 5 83.5 209 6 73.0 258 8 62.9

1000 132 3 95.6 184 5 94.0 209 6 87.2 282 9 82.8 306 10 68.6

2000 158 4 97.8 209 6 96.0 ;306 10 95.4 400 14 91.9 492 i8 83.9
3000 184 5 98.9 258 8 98.3 353 12 57.3 446 16 94.1! 628 24 90.4
5000 2 09 6 99.5 282 9 98.9 400 14 98.4! 538 20 96.8 740 29 93.77000 209 6 99.5 306 10 99.3 423 15 98.8 583 22 97.7 873 35 96.310000 234 7 99.7 330 11 99.5 446 16 99.0 628 24 98.3! 962 39 97.3

20000 258 8 99.9 353 12 99.7 515 19 99.6 740 29 99.2 1137 47 98.7
30000 258 8 99.9 377 13 99.8 1558 20 99.7 807 32 99.5 1267 53 (4.2
50000 282 9 99.9 400 14 99.9 583 22 99.8 873 35 99.7 1397 59 99.6
70000! 28P_ 9 99.9 423 15 99.9 ,628 24 99.9 94C 38 99.8 '1440 61 99.6100000 306 iC 100.0 446 16 99.9 651 25 99.9; 984 40 99.9 1548 66 99.8200000 j 330 *I 100.0 492 18 100.0 718 28 100.o 1071 Y+, 99.9 .1723 74 99.9
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Ringle SU n Tables for ITD= 7.0 per cent wid 7 =I

loop1  2.10 i.8o 3.50 4.20 4.9o
N n c I OOP n c IOOP n c IOOP in c 1OOP n c lOOP
30 AAl - -All - All All - - JAl - -50 32 0 50.7 32 0 40.3 32 0 32.0 32 0 25.3 32 0 20.070 32 0 50.7 32 0 40.3 32 0 32.0 32 0 25.3 32 0 20.0100 32 0 50.7 32 0 40.3 32 0 32.0; 32 0 25.3 32 0 20.0
200 75 2 79.1 75 2 64.9 75 2 5o.9 75 2 38.5 2 28.2300 75 P 09.1 94 3 73.0 94 3 58.1 94 3 44 .0 94 3 318500 113 4 91.0 131 5 83.7 166 7 77.3 166 7 60.3 166 7 43.0
700 131 5 94.1 166 7 90.4 201 9 83.1 218 10 69.0 268 13 55.81000 149 6 96.1 184 8 92.4 235 11 87.5 301 15 79.9 334 17 62.6

2000 166 7 97.5 235 11 96.6 301 15 93.4 399 21 87.9 575 32 80.13000 184 8 98.4 268 13 98.0 367 19 96.4 512 28 93.4 701 40 85.85000 218 10 99.3 301 15 98.8 399 21 97.4 591 33 95.8 919 54 92.37000 218 10 99.3 318 16 99.1 464 25 98.6 654 37 97.0 1027 61 94.310000 235 11 99.6 334 17 99.3 496 27 99.0 748 43 98.3 11150 69 96.0
20000 268 13 99.8 383 20 99,7 575 32 99.6 857 50 99.1 1 425 87 98.230000 285 14 99.9 399 21 99.8 607 34 99.7 950 56 99.5 I157 97 98.950000 o01 15 99.9 448 24 99.9 654 37 99.8 1027 61 99.7700oo 318 16 1oo.o 464 25 99.9 701 4o 99.9 1104 66 99.8100000 334 17 100.0 48o 26 99.9 717 41 99.9 1150 69 99.3200000 351 18 100.0 528 29 100.0 779 45 99.9 '1242 75 99.9

Single Sampling Tables for LTPD - 10.0 per cent and 7 =I.
-----------. ~ a---- - -- -

loop, 3.00 4.00 5.00 6.oc 7.00
N n c lOOP n c100P n c 100P n c 100P n c lOOp
30 22 0 51.2 22 o 4o.7 22 0324 122 0 25.6 22 0 20.350 22 0 51.2 22 0 40.7 22 0 32:4 22 0 25.6 22 0 20.3o0 22 0 51.2 22 040.7 22 0 32.4 1 22 0 25.6 2 0 20.310038 1368.4' 8 1 54.8 38 1 42.7 38 1 32.6 22 0 20.3

200 52 2 79.5 65 3 73.8 65 3 59.0 65 3 44.8 65 3 32.5300 65386.9 7 79.8 91 5 69.6 91 5 53.3 91 5 38.1500 91 5 94.4 116 7 90.6 140 9 83.6 175 12 74.7 175 12 54.6700 91 5 9.4 128 8 92.8 175 12 89.9 210 15 80.4 233 17 63.31000 116 7 97.6 140 9 94.5 187 13 91.3 233 17 83.5 512 24 72.9
2000 128 9 98.5 175 12 97.6 233 17 95.4 346 27 93.2 511 42 87.73000 '10 9 99.0 199 14 98.5 267 20 97.2 390 31 95.3 609 51 91.85000 152 10 99.4 :210 15 98.9 312 24 98:5 1 468 38 97-5 728 62 95.07000 164 11 99.6 2P33 17 99.4 346 27 99.1 511 42 98.3 8•4 70 96.5 ¶10000 175 12 99.7 925619 99.6 368 29 99.3 544 45 98.7 889 7-t 97.5

20000 187 13 99.8 267 20 99.7 413 33 99.7 631 53 99.L 1070 94 98.930000 '210 15 99.9 301 23 99.9 446 36 99.8 674 57 99.6150000 210 15 99.9 312 24 99.9 479 39 99 9 28 62 99.770000 233 17 100.0 335 26 9).9 511 42 99.9 771 66 99.8100000 233 17 100.0 346 27 100.0 522 43 99.9 814 70 99.9
200000 256 19 100.0 379 30 100.0 566 47 100.01 889 77 99.9

-- - --
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Sing1e Suz•1±ng Tables for If-PD = 15.0 per cent and 7 -1

•:loop i 4.5o 6.00 7.50 9.00 10.50

N n c lOOP n c 1OOP n c lOOP n c 100P n C 1OOP

30 1 15 0 50.1 15 0 39,5 15 0 3101 15 0 24.5 15 0 18.950 15 0 50.1 15 0 39.5 15 0 31.1 15 0 24.3 15 0 18.9S701 25 1 68.9 25 1 55.3 2) 1 431 25 1 32.9 25 1 24,6100I 34 280.4 34 2 66.62 34 252.6 34 2 39.9 34 2 29.3
200 43 3 87.3 60 5 85.0 68 5 75.3 68 6 58.6 68 6 42.0
300 6o 6 96.8 68 6 88.7 85 8 81.4 i1o0 10 71.2 I10 10 51.7500 68 6 96,7 85 8 93.1 108 11 88.9 1139 15 81.5 154 17 6&.8700 68 6 9(,:i 100 10 96.2 124 13 91,8 1154 17 84.7 1229 27 77.61000 77 7 97.8 1io8 1i 97.1 154 17 95.9 1192 22 90.3 266 32 82.1

2000 100 10 99.5 I=4 13 98.3 177 20 97.5 1266 32 96.2 ;368 46 90.73000 100 10 99,5 !139 15 99,1l 192 2, 98,,P ;288 35 97.2 1433 55 93,9
5000 108 11 99:7 154 17 99.5 229 27 99.2 339 42 98.6 i519 67 96.67000 116 12 99.8 !162 18 99&6 229 27 99.2 ,368 46 99.0 569 74 97.51000o 116 12 99.8 !177 20 99.8 244• 29 99:375 93 .• 85

20000 139 15 99, 9 15 999.9 28 35 998.28 433 535 9 726 90.230000 139 15 99.9 2CO7 24• 9969 310 38 99,9 '469) 60 99.8
50000 154 17 100.0 222_P 26 100,0 332 41 99.9 512 65 99.970000 154 17 100.0 M -• 27 100O 9 . 9•.9 .5196799

1 000oo 154 17 100.0 !229 27 100,0 361 45 100.0 -it9 7 99,9
200000 177 20 100.0 244 29 100.0 383 48 100.0 612 80 IOOO

Single Ssmpling Tables for LTJPD - 20.0 per cent and 7-1

lOP 6.0 8.00 10.00 12.00 1 4.oo0

N n c lOOP n c P n clP I n c l00P n c looP

30 11 0 5o.6 11 o 40o0 11 C 31.4 11 0 24.5 11 0 19.050 18 1 70.6 18 1 57.2 18 1 45.0 18 1 34.6 18 1 26.070 18 1 70.6 25 2 67.7 25 2 53.7 25 2 40.9 18 1 26.o100 25 2 81.3 32 3 74.9 38 4 67.0 38 4 51.1 38 4 37.0

200 38 4 92.5 51 6 89.0 57 7 79.3 63 8 65.8 86 12 57.1300 38 4 92.5 57 7 91.7 69 9 85.2 86 12 77.2 109 16 64.5500 51 6 96.8 69 9 95.31 86 12 91.4 126 19 88.3 154 24 75.7700 57 7 98.0 75 1o 96.4 19 16 95.7 143 22 91.2 1193 31 82.50ooo 63 8 98,7 86 12 98.1 19 16 95.7 15424 92.8 i226 37 86.8

2000 69 9 99.2 98 14 98.9 143 22 98.5 204 33 97.0 318 54 94.43000 75 10 99,5 109 16 99,4 154 24 98.9 1226 37 98.0 361 62 96.25000 86 12 99*8 115 17 99,5 171 27 99.4 253 42 98.8 409 71 97.6
7000 36 12 99.8 126 19 99.8 189 29 99:6 1275 4 6 99.2 f457 80 98.510000 9 13 999 126 . 9  9 9  291 49 99.4 1489 86 98.9

20000 98 14 99.9 143 22 99.9 215 35 99.8 334 57 99.730000 109 16 100.0 154 24 99,9 r.,26 37 99.9 361 62 99.850000 109 16 ioo.o 160 25 100,0 253 42i100.0 1377 65 99.970000 '15 17 100.0 171 27 100,0 253 42 100.0 393 68 99.9
100000 121 18 100,0 171 27 100,0 264 44 100.0 425 4 100.0200000 126 19 100.0 193 31 100.0 291 49 100.0 457 100.0
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Singue Sampling Thble5 for .TPD Cý.5 per cent and 7 -5

loop, 0.05 U.10 0.15 0.20 0.25

N n c lo0P I a c 100P n c looP n c I0C n c 1OOP

300 All - - 1 All - - All - A ALI All -
500 46ot 0 79.4 46Ot 0 63.1 4SOt 0 50.1 46ot 0 39.8 460t 0 31.6
700 46Ot 0 79,4 46ot 0 63.1 46ot 0 50.1 460t 0 39.8 460t 0 31.6
1000 777 1 94.2 777 1 81.7 777t 1 67.5 777t 1 54.0 777t 1 42.1

2000 777 1 94.2 1335 3 95.3 1597 4 90.5 1853 5 82.9 1853t 5 68.0
3000 1063 2 98.3 i 1555 3 95.3 1855 5 93.7 2352 7 89.6 2839 9 82.1
5000 1063 2 98°3 1597 4 97.7 2105 6 95°8 j2839 9 937 13554 12 88.4

5000~~~~42 1 o3 29.319
7000 1335 3 99.5 1853 5 98.8 '2352 7 97.2 3317 11 96.2 42-56 15 92.6

10000 1335 3 99.5 1853 5 98.8 2839 9 98.8 3789 13 97.7 4948 18 95.2

20000 1597 4 99.9 2352 7 99.7 3079 10 99.2 4488 16 98.9 16313 24 98.1
30000 1597 4 99.7 2s52 7 99,7 3554 12 99.7 18 994 !6988 27 96.850000 1597 4 99.9 2597 8 99.9 ;3789 13 99.8 ,5406 20 99.6 7882 31 99.38
70000 1853 5 100.0 2839 9 99.9 ,4C£3 14 99.9 5634 21 99.7 8327 33 99.5

100000 1853 5 100.0 2839 9 99.9 4256 15 99.9 6087 23 99.8 899%2 36 99.7
200000 2105 6 100.0 3079 10 100.0 4488 16 99.9 ?6764 26 99.9 10094 41 99.9

Single Saeling Tables for LTPD = 1 .0 per cent and 7-5
----- ~--no----------.C- ---------- C a

loop 1  0.10 0.20 0.30 0.40 0.50
-----------.. a -, -- - -..-------. .n - n-- - -. .- , -- a-. ......... - ---- ...........

N n c 100P n c lOOP; n c loop n Ce0P n c lOOP

200 All - - All - - All - - All - - All - -

3001 230t 0 79.4 1 230)t 0 63.1 230t 0 50.1 230t 0 39 8i 230t 0 51.6
500 388 1 94.2 388 1 81.7 388t 1 67.6 388t 1 54.o0 388t 1 42.2
700 388 1 94.2 531 2 90.8 667 3 85.7 667t 3 72.1 667t 3 57.2
1000 388 1 94.2 667 3 95.4 798 4 90.5J 926 5 83.0, 926t 5 68.

2000 531 2 98.3 798 4 97.7 1051 6 95.8 1297 8 91.9 1658 11 86.7
3000 667 3 99.5 926 5 98.8 1175 7 97.2 1538 10 95.1 2010 14 91.4
5000 667 3 99.5 926 5 98.8 1418 9 98.8 1893 13 97.71 2473 18 95.3
7000 667 3 99.5 1051 6 99.4 1418 9 98.8 2010 14 98.2 2815 21 97.0

100CO 798 4 99.9 1175 7 99.7 1538 10 99.2 2242 16 98.9 3155 24 98.1
2000 2 9 72587 16989

20000 798 4 99.9 1297 8 99.9 1776 12 99.72587 19 99.51 3716 29 99.1
30000 926 5 100.0 1297 8 99.9 1893 13 99.8 2815 21 99 .7  4050 32 99.4500 926 5 100,O 1418 9 99.9 i2127 15 9909 3042 23 9. 9 69.

S 70000 926 5 100.0 1538 10 100.0 2127 15 99-9I 3155 24 99-9, 4715 38 99.8

100000 6 100.0 1538 10 100.0 2242 16 99.9 3380 26 99.9 5(,45 41 99.9
200000 1051 6 100.0 1658 11 100,O 2473 18 I00.0 360o4 28 100.0 5483 45 99.9

!I
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SingJle Oeinping Tables for LTU7 = 2,0 per cent and y =5
- -------- ----- -- M- -----

loop 0.200 0.40 0.60 0.80 1.00

N n c looP n c 100P n c loPo n c looP n c looP

100: AU - - All All , - All - - All - -

200 194 1 94.2 194 1 81.8 194t 1 67.5 194t 1 54.0 194t 1 42.1300 194 1 94.2 265 2 90.9 265t 2 78.6 265t 2 64.4 265t 2 50.5500 194 1 94.2 333 3 95.4 398 4 90.6 462 5 83.1 462t 5 68.3700• 265 2 98.3 333 3 95,4 462 5 93.8 525 6 86.8 648t 8 79.51000 265 2 98.3 398 4 97.7 525 6 95.9 648 8 92,0 828 11 86.8

4 2000 333 3 99,5 462 5 98.8 648 8 98.2 828 11 96.2 1120 16 93.74 3000 1 333 3 99.5 525 6 99.4 708 9 98.8 945 13 97.8 1349 20 96.65000 398 4 99,9 587 7 99.7 768 10 99.2 1120 16 99.0 i1576 24 98.17000 398 4 99.9 587 7 99,7 828 11 99.5 :1177 17 99.2 1688 26 98.610000 398 4 99.9 648 8 99.9 887 12 99.7 1292 19 99.5 1856 29 99.1

20000 462 5 100.0 708 9 99.9 1004 14 99.9 1463 22 99.8 2134 34 99.630000 462 5 100.0 708 9 99.9 1062 15 99.9 '1519 23 99.8 2300 37 99.850000 525 6 100.0 768 1o 1oo0o 1120 16 99.9 :1632 25 99.9 :2465 40 99.8
4 70000 525 6 I0O0O 828 11 100.0 '1177 17 100.0 1744 27 99.9 2575 42 99.9100000 525 6 100o0 828 11 100.0 :1235 18 10o.0 180o 28 100.0 2739 45 99.9200000 587 7 100.0 887 12 100.0 1292 19 100.0 11968 31 100.0 2958 49 100.0

Single Sampling Tales foi LTPD - 3.0 per cent and 7=5

loop, 0.30 0.60 0.90 -1.20 1.50
----- --- -- -- ---------N n c oPo n c loop n c looP n c loPo n c 100p

70 AAll.11 All - - All -- -All - -100 76t 0 79.6 76t 0 63.3 76t 0 50.3 76t 0 4o0.0 76t 0 31.7
200 129 1 94.2 176 2 91.0 176t 2 78.8 176t 2 64.6 176t 2 50.7300 129 1 94.2 176 2 91.,0 221 3 86.0 265t 4 78.5 265t 4 63.4500 176 2 98.4 221 3 95.5 308 5 93.8 390 7 P&,9 471 9 82.5700 176 2 98.4 265 4 97.7, 349 6 96.0 431 8 92.1 551 11 87.0

1000 221 3 99.5 308 5 98.9 390 7 97.3 511 10 95.3 668 14 91.7
2000 221 3 99.5 349 6 99,4 471 9 98.9 629 13 97.8 860 i9 96.1
3000 265 4 99.9 349 6 99.4 511 10 99.3 707 15 98.7 1012 23 97.95000 265 4 99.9 390 7 99,7 551 11 99.5 822 18 99.4 1124 26 98.77000 265 4 99.9 431 8 99.9 590 12 99.7 860 19 99.5 1236 29 99.2

10000 308 5 100.0 431 8 99.9 629 13 99.8 898 20 99.611348 32 99.5
20000 308 5 100.0 471 9 99.9 707 15 99.9 1012 23 99.8 1532 37 99,830000 308 5 100.0 511 10 100.0 746 16 99.9 1087 25 99.9 1605 39 99.850000 349 6 100.0 551 11100.0 784 17 100.0 1162 27 99.9 1715 43 99.970000 349 6 100.0 551 11 100.0 842 18 100.0 1196 28 100.0 1825 45 99.9

100000 349 6 100.0 590 12 100.0 860 19 100.0 127) 30 100,0 1898 47 100.0
200000 390 7 100.0 629 13 100.0 898 20 100.0 1348 32 100.0 ;2079 52 100.0iI

t
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Single Sampling Tables ftr LTPD , 4.0 per cent and y 5

- - ------- n . ~l i e -

IOOp 1I 0480 1.20 1.60 2.00 2.40

n c 100P n c loop n c looP n c looP n c lOOP

50jAll - A ll - - Al.U - - All - - All - -

70 57t 0 63.3 57t 0 50.3 57t 0 39.9 57t 0 31.6 57t 0 25.0
100 96 1 82,1 96t 1 6 8 .0 96t 1 54.4 96t 1 42.5 96t 1 32.6

200 132 2 91.0 166 3 86,0 198t 4 78.7 198t 4 63.7 198t 4 48.3
300 1166 3 95.5 198 4 90.8 262 6 87.0 292t 7 76.7 292t 7 59,8
500 198 4 97.8 262 6 96.0 323 8 92.2 413 11 87.1 471t 15 75,4
700 198 4 97.8 292 7 97,4 383 10 95.3 471 13 90.5 616 18 83.7

1000 230 5 98,9 323 8 98.3 413 11 96.4 559 16 93.9 758 23 89.3

2000 262 6 99.4 383 10 99.3 530 15 98.7 701 21 97.2 1037 33 95.5
3000 292 7 99-7 413 11 99.5 587 17 99,2 814 25 98.5 1203 39 97.3

5000 323 8 99.9 442 12 99.7 645 19 99.6 926 29 99.2 1367 45 98.4

7000 323 8 99.9 471 13 99.8 673 20 99.7 982 31 99.4 1504 50 99.0
I5 ' 353 9 9909 501 14 99.9 701 21 99.7 1037 33 99.6 1612 54 99.3

20000 383 10 100.0 559 16 99.9 786 24 99.9 1203 39 99.8 1856 63 99.7
30000 383 10 100.0 587 17 100.0 842 26 99.9 1258 41 99.9 1990 68 99.8
5ocoo 413 11 100.0 616 18 100.,0 898 28 100.0 1367 45 99.9 2178 75 99.9
70000 413 11 100.0 616 18 100.0 926 29 100.0 11422 47 100.0 2232 77 99.9

100000 442 12 100.0 645 19 10040 954 30 I00.0 I1449 48 I00.0 .2339 81 99.9
200000 471 13 100.0 701 21 100,0 11037 33 100,0 11585 53 100.0 2526 88 IOO.0

Single Sampling Tables for LTPD - 5.0 per cent and Y=5
--------------------------------------- ------- **---

loop 1.00 1.50 f 2.00 2.50 3.00

N n c loop n c loop n c loop n cloop n ClO(CP

30 Jl4 - - All - - All - - All - - All - -
50 45t 0 63.6 45t 0 50,7 45t o 40.3 45t 0 32.0 45t 0 25.4
70 45t 0 63.6 45t 0 50.7 45t 0 4o.3 45t 0 32.0 45t 0 25.4

100 77 1 82.0 77t 1 67.9 77t 1 54.3 77t 1 42.3 77t 1 32.4

20315 95.61 ig8 4 9 184 5 83.5 184t 5 6.7 I8~~52.4
300 1132 3 95.6 184 5 94.0 234 7 90.0 282 9 8.8 282t 9 65.9
500 158 4 97.8 209 6 96.0 282 9 94.1 353 12 89.1 469 17 82.5
700 184 5 98.9 234 7 97.4 330 11 96.4 423 15 93.1 561 21 87.4
1000 184 5 98.9 258 8 98.3 353 12 97.3 492 18 95.6 673 26 91.9

2000 209 6 99.5 306 10 99.3 446 16 99.0 628 24 98.3 873 35 96.3
70CO 234 7 95.7 330 11 r)".5 ):69 17 99.3 673 26 98.8 1027 42 98.0
5000 258 ' 99.9 377 13 99.8 515 19 99.6 785 31 99.4 ii8o 49 98.9
7000 258 8 99.9 400 14 99.9 561 21 99.7 829 33 99.6 1267 53 99.2

10000 282 9 99.9 400 14 99.9 583 22 99.8 873 35 99.7 133256 99.4

4 20000 30610100o.0 446 16 99.9 651 25 99.9 984 40 99.9 15L8 66 99.8
30000 306 10 100.0 469 17 100.0 673 26 99.9 1027 42 99.9 1634 70 99.8
50000 330 11 100.0 492 18 100.0 740 29 100.0 1093 45 99.9 1784 77 99.9
70000 353 12 100.0 515 19 100.0 740 29 100.0 1137 47 100.0 18W7 79 99.9

100000 353 12 100.0 98 20 100.0 785, 31 100.0 '1202 50 100.0 1891 8 99.9
200000 377 13 100.0 561 21 100.0 851 34 I00o.0 i1289 54 100.0 2083 91 100.0
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Single Smpjplng Tables for LTPD - 7.0 per cent and y -5

loop 2.10 2.80 3.50 4.20 4.90

N n c looP n c lOOP n clooP n clOOP n c1OOP

30 All - - A - - 0 A - All - -
50 32t 0 50.7 32t 0 40.3 025.3 32t 0 20.0
70 55t I 67.8 55t 1 54.2 55t 1 42.2 55t 1 32.2 55t 1 24.2

I00 94 3 86.4 94t 3 73.0 94t 3 58.1 94t 3 44.0 q4t 3 31.8

200 131 5 9L.1 149 6 87,4 184 8 80.2 184t 8 63.1 184t 8 45.0
300 149 6 96.1 184 8 92.4 235 11 87.5 285t 14 77.9 285t 14 57.4
500 166 7 97.5 235 11 96.6 301 15 93.4 399 21 87.9 496t 27 75.2
700 184 8 98.4 268 13 98.0 334 17 95.1 464 25 91.4 638 36 83.2

1000 201 9 98,9 285 14 98.4 399 21 97.4 '544 30 94.4 779 4s 88.6

2000 235 11 99.6 334 17 99.3 480 26 98.8 701 40 97.7 IOC7 61 94.3
3000 252 12 99.7 36[ 19 99.6 528 29 99.3 779 45 98.6 1242 75 97.0
3000 268 13 99.8 399 21 99.8 575 32 99.6 888 52 99.2 1425 87 98.2
7000 285 14 99.9 399 21 99.8 607 34 99,7 950 56 99.5 1577 97 98..9

10000 301 15 99.9 448 24 99.9 638 36 99.8 I0o7 61 99:7

20000 334 17 100.0 480 26 99.9 717 4I 99.9 1150 69 99.8
30000 334 17 100.0 512 28 100.0 748 43 99.9 1196 72 99.9
50000 367 19 100,0 528 29 100.0 86 48 100.0 1303 79 99.9
70000 383 20 100.0 560 31 100.0 857 50 100.0 :1364 83 100.0

100000 383 20 100.0 575 32 100.0 888 52 100.0 141o 86 100.0
200000! 416 22 100.0 607 34 100.0 950 56 100.0 155'P 94 100.00

Single Sampling Tables for LTPD - 10.0 per cent and 7-5

lOOp 3.00 I 4.oo 5.00 6.0o 7.00

N n c 100P n c looP n c lOOP n c lOOP n c lOP

30 22t n 51.2 22t 1 4.7 22t 0 32.4 22t 0 25.6 22t 0 20.3
50 38t 1 68.4 38t 1 54.8 38t 1 42.7 38t 1 32.6 38t 1 24.5
70 65 3 86.9 65t 3 73.8 65t 3 59.0 65t 3 44.8 65t 5 32.5

100 78 4 91.5 91 5 84.3 91t 5 69.6 91t 5 53.3 91t 5 58.1

2oo 91 5 94.4 128 8 92.8 152 10 85.9 199t 14 78.3 199t 14 57.8
300 116 7 97.6 152 10 95.7 187 13 91.3 256 19 86.1 290t 22 70.2
500 128 8 98.5 175 12 97,-6 233 17 95.4 312 24 91.2 446 36 83.7
70C O 140 9 99.0 187 13 98.1 267 20 97.2 379 30 94.8 522 43 88.2

1000 152 10 99.4 210 15 98.9 301 23 98.3 1 435 35 96.7 609 51 91.8

2000 175 12 99.7 25 6199-.6 357 28 99.2 5243 98.4 846 73 97.0
3000 187 13 99.8 267 20 99.7 390 31 09:.' 609 51 99.3 953 83 98.1
5000 199 14 99.9 290 22 99.8 424 34 99.71 674 57 99.6 1070 94 98.9
7000 210 15 99.9 301 23 99.9 446 36 99.8 685 58 99.6

10000 210 15 99.9 312 24 99.9 468 38 99.9 728 62 99.7

20000 233 17 100,0 A46 27 100.0 511 42 99.9 814 70 99.9
300o 245 18 1ooo 368 29 100.0,544 45 oo.o 857 74 99.9
5 256 19 100.0 379 30 100.0 5747 10o0.o 951 80 1o.0
70000 267 20 100.0 5•90 .31 100 0 60o 51 100.0 953 83 100.0

100000 267 20 100.0 413 33 100.0 62o 52 100.0 0I017 89 100.0
20000 290 22 100.0 435 35 100.0I 674 57 100.0 1070 94 100.0
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Single Sampling Tables for LTPD 15.0 per cent and 7 "5

io .n n e. ,Jee e f

I 0P14.5o0. 7.50 9.0 1.50

N TTC tn c l TO0P; . c1OP n C10 n c 1OOP

t 43.1 25t 132.9 i 25t 124.6
50j 43 5 87.3 43t 3 74.3 1 43t 3 59.5 43t 3 45.1 43t 3 32.6
70 52 6 9 85,0 68t 6 75.3 68t 6 58.6 68t 6 42.o
100 60 5 94.8 68 6 88.7 93 9 84.1 93t 9 67.4 93t 9 48.2

200 68 6 96.7 100 10 96.2 124 13 91.8 162 18 85.8 192t 22 71.6
300 85 8 98.6 108 11 97.1 15417 95.9 192 22 9o3 266 32 8.1
500 100 10 99.5 124 13 98.3 1,77 20 97.5 244 29 94.9 361 14 90.2

700 100 10 99.5 139 15 99.1 192 22 98.2 288 35 97.2 397 50 92.3
1000 108 11 99.7 154 17 99.5 222 26 99.1 310 38 97.9 469 60 95.2

2000 116 12 99.8 177 20 99.8 244 29 995 368 46 99.0 619 81 98.2
3000 124 13 99.9 177 20 99.8 266 32 99.7 397 50 99.3 690 91 98.9
5000 139 15 99.9 192 22 99.9 288 35 99.8 462 59 99.7
7000 139 15 99.9 207 24 99.9 310 38 99.9 469 60 99.8

10000 154 17 100.0 222 26 100.0 325 40 99.9 512 66 99.9

20000 154 17 100.0 229 27 100.0 354 44 100.0 ;56L 73 99.9
30000 162 18 100.0 244 29 100.0 368 46 100.0 569 74 99.9
50000 177 20 100.0 259 31 100.0 397 50 100.0 626 82 100.0
70000 177 20 100.0 266 32 100.0 3ý-7 50 100.0 640 84 100.0

100000 192 22 100.0 281 34 100.0 419 53 Iu%).0 676 6i9 100.0
200000 192 22 100.0 288 35 100.0 433 55 100.0 1725 96 100.0:0

Single Sampling Tables for LTFD = 20.0 per cent and 7 w5

I00"T 6.00 8.00 10.00 1 12.00 14.00

N n c lOOP n c loOP n c lOOP n c lOOP n c I0P

30 25 2 81.3 25t 2 67.7 25t 2 53.7 25t 2 4o0.9 25t 2 0,0
50 38 4 92.5 45 585.2 45t 5 70.8 45t 5 54.2 45t 538.4
70 384 92.5 51 689. 063 8&W.5 69t 968-8 69t 9 49-5

100 51 6 96,8 6 8 93.7' 75 1087.4 98 14 80.6 913t 14 60.3

200 57 7 98.0 86 12* ~.6.1 1C9 16 95.7 143 22 91.2 193 31 8P..5
300 63 8 98.7 86 12A. 1 1261g997.4 171 27 94.5 226 3786,8
500 75 10 99.5 9-8 14 98.9143 22 98.5 204 33 97.0 29149 9e.8
700 75 10 99.59 10916909.4 151424)8.9 1226 37 98.0 334 57 95.2
1000 86 12 99j.8 115 17 99.5 171 2 994 5342 98.8 39368 72

2000 A2 13 995.9 126 19 99.8 193 31 99.7 :291 14 94 475 83 98.7
3000 9814 99.9143 2299.9 204 3399.8 318 5499.6 526 9399.2
5000 104 15100.0 154 24 )9. 9 215 35 99.8 33 57 99.7
700r 109) 16 100.0 154 24 )9.9 226 37 99.9 1361 62 99.8
1000 109 16 100.0 160 25 100.0 237 39 99.9 37J7 65 99.9

20000 121 18 100.0 171 27 100.0 264 144 100.0 409 71 99.9
30000 126 19 100.0 182 29 100.0 275 46 100.0 W4 77 100.0
5000n 126 19 100.0 193 31 100.0 1291 149 100.0 45T 80 100.
70000 132 20 100.0 193 31 100.0 302P 51 100.0 473 83 100.0
10000 143 22 100.0 2014 33 100.0' A18 54100.0 :5o5 100.00-

2oo i ,8.A9



Single SVpling Tables with Coni'er's Risk of 10 %
0(cm) 10.0, r - p,/P 2, m- a nP2 M - Np2, 7 .

r 0.70 0.65 0.60 0.55 0.50 0.45 0.40 0.35 0.30 0.25 0.20c a m m M M m M m m m M m
0 2.303 10.9 10.0 9.43 8.99 8.67 8.47 8.36 8.36 8.48 8.75 9.281 3.830 14.9 13.9 13.3 12.9 12.7 12.7 12.9 13.3 14.1 15.6 18.2
2 5.322 18.5 17.5 16.9 16.7 16.7 17.1 17.8 19.1 21.4 25.5 33.63 6.681 21.9 21.0 20.5 20.5 20.9 21.8 23.5 26.4 31.4 41.0 62.0
4 7.994 23.3 24.5 24.2 24.5 25.4 27.2 30.3 35.6 45.4 65.7 116
5 9.275 28.7 28.0 28.0 28.7 30.4 33.3 38.5 47.6 65.6 106 220
6 10.53 32.0 31.5 31.9 33.2 35.8 40.4 48.4 63.5 95.1 173 425
7 11.77 35.3 35.1 35.9 37.9 41.8 68.5 60.7 84.7 138 286 829
8 12.99 38.7 38.8 40.1 43.1 48.5 58.1 76.1 113 203 476 1640
9 14.21 42.1 42.5 44.5 48.6 55.9 69.2 95.2 152 300 798 324010 15.41 45.6 46.4 49.2 54.6 64.3 82.5 119 205 446 1350 647o

11 16.60 49.1 50.4 54.1 61.0 73.8 98.3 150 277 666 2280 1300012 17.78 52.6 54.6 59.3 68.1 84.5 117 189 377 1000 3890 26100
13 18.96 56.2 58.8 64.7 75.8 96.7 139 238 514 1510 6650 52700
14 20.13 59.9 63.3 70.6 84.2 i1l 166 302 703 2280 11400
15 21.29 63.6 67.9 76.7 93.4 126 199 383 965 3450 19600
16 22.45 67.5 72.7 83.3 104 145 238 487 1330 5240 33800
17 23.61 71.5 77.8 90.4 115 166 285 622 1840 7990 58500
18 24.76 75.4 82.8 97.7 127 190 342 794 2540 12200
19 25.90 79.6 88.3 106 141 217 412 1020 3510 18600
20 27.05 83.9 94.1 114 156 250 496 1310 4880 28600
22 29.32 92.6 106 133 191 329 722 2160 9450 67400
24 31.56 102 119 155 235 435 1060 3590 18400
26 33.64 112 134 180 288 578 1560 6000 35900
28 36.06 122 150 210 355 772 2300 10100
30 38.31 133 168 245 439 1040 3420 17000 r 0.15 0.10 0.05
35 43.87 164 221 358 750 2170 9300 63300 * M H m
40 49.39 200 290 529 1300 4650 25700 0 2.30) 10.3 12.5 19.245 54.88 243 381 784 2260 10000 1 3.899 23.6 37.7 10650 60.34 295 504 1180 4050 21900 2 5.322 52.8 117 629
60 71,20 431 667 2690 13000 3 6.681 121 382 390070 61,99 632 1580 6320 42900 4 7.994 285 1280 24800
S0 92.75 932 2880 15100 5 9.275 684 4380 159000
g9 103.4 1390 5300 36400 6 lo.53 1670 15100
99 113.0 2000 9280 7 11.77 4100 52700

a 12.99 10200

9 14.21 25400

10 15.41 34



Single Sampling Tables with Consumers Risk of 10 %
B(cm) - 0.10, r- pl/p 2 , 2P rip2 , X NP2 , )( 5.I

r 0.70 0.65 0.60 0.55 0.50 0.45 0.40a m M M M M M M M
0 2.303 39 39 38 38 3.8

5.3 LO2 5.32 5L.32 5.32
2 5.322 66 6.6 8 6.68 6.68 6L.68 6 6.6 83 6.681 L9 7.9 Li.22 2..22 L.22 2AM
4 7.994 j2 L A2 9.27 9.272A212j25 9.27s 10.5 10.5 10.5 10. 11.5
6 10.53 11.8 11.8 I .8 14.6
7 11.77 3 .0 13 . 0 13. 0 14,4 18.1
8 12.99 4 1 L_2 .2 1 17,4 22.2
9 14.21 1 i-.-A i_, U._ 16.4 20.7 27.010 15.41 16.6 16.6 16.6 19.1 24.3 32.9

11 16.60 7.8 1- 8• 22.0 28.5 40.0
12 17.78 9.0 19.0 19.7 25.2 33.2 48.7
13 18.96 20.1 22.2 26.6 38.7 59.6
14 20.13 2_.3 21.3 24.9 32.4 45.1 73.3
15 21.29 22 22 27,8 36.5 52.5 90.4
16 22.45 J 6 U 30.8 41.1 61.3 112
17 23.61 .8 " 26.0 34.0 46.3 71.7 14018 24.76 28.5 37.4 52.0 84.0 175
19 25.90 0 0 31.0 41.1 58.5 98.9 221
20 27.05 M8 . 33.7 45.1 65.9 117 280
22 29.32 39.5 54.1 83.7 164 45224 31.58 a 34.0 45.8 64.6 107 233 74026 33.84 1 38.8 52.7 77.2 137 334 1220
28 36.00 L 44.0 60.5 9r2.5 178 485 2040
30 38.32 2 49.4 69.3 111 232 711 342035 43.87 46.2 64.8 96.7 178 465 1890 1270040 49.39 58.2 83.3 135 293 964 5170 47900
45 54.88 71.4 106 191 493 2050 14400
50 60.34 66.4 135 274 851 4430 40500
60 71.20 123 221 586 2660 21500
70 81.99 172 369 1320 8640
80 92.73 241 636 3080 28800
90 103.4 341 1130 7360
99 113.0 472 1930 16300



- 14 -

r 0.35 0,,30 0.25 0.20 0.15 0.10 0.05
c m M M M M M M M
0 2.3C3 8 . 9 1 3 a 5.46
1 3.890 5 J 5 5.59 7.05 10.2 24.0
2 5.322 6.68 6.68 7.79 9.87 14.1 27.3 130
3 6.681 e 9.53 12.0 i6.7 28.8 81.4 786
4 7.994 10.8 13.4 18.1 28.5 62.6 263 4960
5 9.275 14.3 18.6 27.2 50.5 144 883 31900
6 10.53 18.5 25.5 41.7 92.5 341 3030 207000
7 11.77 23.8 35.2 65.2 174 830 10500
8 12.99 30.5 49.2 104 337 2050 37000
9 14.21 39.3 69.5 170 659 5100 131000

10 15.41 50.8 99.7 280 1310 12800
11 16.60 66.3 145 469 2610 32200
12 17.78 87,2 212 791 5230 81900
13 13.96 116 314 1340 10500
14 20.13 154 470 2300 21300
15 21.29 208 705 3940 43300
16 22.45 281 1060 6780 88100
17 23.61 384 1620 11700
18 24.76 525 2460 20200
19 25.90 721 3750 35100
20 27.0j 996 5740 61200
22 29.32 13500
24 31.58 3700 3190u

26 33.84 7210 76700

28 36.08 14100

30 38.32 27700
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AQL single sampling tables with producer's risk of 5 %

and minimum average costs.

The tables on pp.19 - 28 are based on a binomial producer's risk of 5 %, Q(pl) = 0.05,

and a binomial consumer's risk, P(o ). The sampling plans given minimize the average

costs R 0 n + (N - n)7P(p 2 ).

The same plans minimize the average costs R = n + (N - n)(7 1 Q(Pl) + 72 P(p 2 )) for

Q(pl) = 0.05 since R = (I - 0.0571 )R + 0.05y1N with 7 = 72/(1 - 0.0571).

The condition Q(p1 ) 1 0.05 has been fulfilled as nearly as possible in the way that n

has been determined as the largest integer satisfying B(c,n,p,.) ý_ 0.95.

The tables give n,c and lOOP(P 2 ) as functions of N for 7 0.2 and 1.0, and for

the following 50 combinations of lOOp, and lOOP 2 :

lOOp1  lOOp 2

0.1 0.2 0.3 0.4 0.6 1.0

0.2 0.4 0.6 0.8 1.2 2.0

F0.5 1.0 1.5 2.0 3.0 5.0

r 1.0 2.0 2.5 3.0 4.0 b.0

j 2.0 4.0 5.0 6.0 8.0 12.0

3.0 5.0 6.0 7.5 9.0 12.0

4.0 6.0 7.0 8.0 10.0 12.0

5.0 7.5 8.5 10.0 12.5 15.0

7.0 10.5 12.0 14.0 17.5 21.0

10.0 15.0 17.0 20.0 25.0 30.0

Methods of interpolation have been disrussed in section 6.

The tables may be used for y j 0.2 and y + 1.0 in the following way: For y S 0.6

compute N - N7/0.2 and use the plan for N and y - 0.2. For 0.6 < y < 2 compute

Ncp N7 and use the plan for N and y a 0.
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For y < 1 it may happen that acceptance without inspection is cheaper than sampling

inspection for small lots. In such cases the letter a has been added after the sample

size.

The tables on pp. 29 - 30 are baged on the same assumptions with the only modification

that the consumer's and the producer's risks have been computed from Poisson

probabilities. The functions m = np, and M - Np1 have been tabulated for M < 50,000

with c and r = p 2 /p 1 as arguments for c ;9 99 and r - 1.50, 1.60, 1.80, 2.00, 2.25, 2.50,

2.75, 3.0, 3.5, 4.0, 5.0, 6.5, 10.0, and for y = 0.2 and 1.0. The optimum plan is

(c,m) for M(c-1) < M < M(c).

For 7 - 0.6 use M* My/0.2 and the table for y = 0.2. For 0.6 < y < 2 use M - My

and the table for 7 = 1.

Underlining of M in the table for y - 0.2 means that acceptance without inspection

is cheaper than sampling inspection.

An approximation to the "binomial solution" may be obtained by using c from the

Poisson table and correctiag the corresponding n to nb - n + (c - np,)/2.

S4



-- ------- ---......F n o,
i. -

Cir1 l So .9.2.r T•1 l fo r A3.6 C- 8! •1,ct 'd o 8.825ao9,

N n C 100OP n c 100OP' D n '.. n c 1 OOP~ n c 100?

50~ aU 0 5 A.9 - - - i. I- AUl -

70 1 a0 5.9 51 e 0 73.6 51la 0 81.51 51a 0 85 8~ 51a 0 901-)
100 51a 0 59.9 51a 0 73.6 51a 081 n 51& 0 85.8 51la 0 90,3

200 51a 0 59.9 51a 0 73.6 51s 0 8i,55 51a 0 85,8) 51a 0 903
300 51a 0 59.9 i1 a 0 73.6 'Ia 0o 1,5 53a 0 85,81 51a 0 90.3
500 51a 0 59.9 5;a 0 73,6 51a 08.5 51a 0 85.8 51a 0 90,3
700 51 0 59.9 51a 0 73.6 51la 0 81,5 51 a ) 85.8 51a 0 90.3
1000 5i 059.9 51 0 73.6 51a 0 8i.5 51a 0 85,8 51a 0 90.3

2000 51 0 59.9 51 0 73.6 51 o 81.5i 51 0 85.8 51a 0 90o3
3000 51 0 59.9 51 0 73.6 51 0 81.5i 51 085.8 51 090.3
5000 355 112.93531 771 '] C 8551 085.8,51 N, 30,
7000 355 1 12.9 355 1 37.1 7 v5 1 •rB,5i 51 0 85.8 51 0 90.3

10000 355 1 12.9 1 818 215,2 >55 r8o5 55 171.2 51 0 90.3

20000 818 2 1.2 818 2 13.2 1367 3 20.5 1367 3 41.41 51 0 90.3
30000 818 2 1o2 1767 3 207 1•57 3 ?0•5 1971 4 29.6 818 2 7-i4

50000 818 2 1-.2 11367 3 3,7 197 4 10o.6 2614 5 20.6 2614 5 57.6
70000 818 2 1., 1 )67 3 3.7 2614 5 541 3286 6 13.9 4696 8 4o.5
100000 818 2 1.2 1367 3 3.7 i6i4 5 5.1 39 2 7 9.2 692-6 11 27.2
200000 818 2 1.2 1971 4 o0..8 3,86 6 2.4 5427 9 3.7 Io834 16 13.1

Single Somp.Ung Tables for AQL 0.2 per cent and 9 2

1OOp 2  2.00 1 .o0 0.80 o.6o o,4o

N n-c cloo -OOP n c10 n cl-OOPM -- n- cI cOO n-- c10OCP

30 2-5a -0 A 25a 375.9 25m 0 81.8' 25& 0 86.0 25a.0 90.5S50 25& 0 60.3 I 25. 0 73.9 25. 0 8i.8' 25. o 86.0 25. 0 90.5
70 256 0 60.3 25a 0 73.9 25a 0 81.8 252 0 86.0 25a 0 90,517 060.3 25& o 039 p• 81.8: 2,% o 86.o 25a 0 90o5•~10 25a o 0o3 2 73.9 25a08,:2 8. • 09.

20o 25a o 6o.3 1 2%m 0 73.9 1 5 o 81.8, 254 o 86.0 25& 0 90.5100 25 0 60.3 25a 0 75-9 25a 0 81,8 25a o 86.0 25a 0 90.5
2W 25 0 60,3 25 o 73.9 25a o 81.8 25a o 86.0 25. 0 90.5
700 25 60.35 25 073.9 25 0 81.8 25 0 86.0 25& 090.5

1000 25 0 60.3 25 0 73.9 25 0 81.8 25 o 86.0 25& 0 90.5

2000 178 1 12.7 178 1 36.9 25 3 81.8 25 0 86.0! 25 0 90.5
3000 178 1 12.7 178 1 36,9 178 1 'd8.3 25 0 86.0 25 0 90.5
50 178 1 12.7 i409 2 13.1 178 1 53.5 178 1 711 25 0 90.5
70001781 12.77 409 2 13.1 o9 o 36.4 409 2 55.51 5 0 90.5

10000 178 1 12.7 409 2 13.1 683 3 20.5 683 3 41.41 178 1 84.0

200 409 2 1.1 68 3 3.6 986 4 10.5 1307 5 20.5 683 3 70.7
50000 409 2 1.1 .685 3 3.6 986 4 !0.5 1644, 6 13,,8 1991 7 45.8
50000 409 2 1.1 68 3 5.6 1307 5 5.1 1991 7 9.1 3464 11 27.2
iooco 409 2 1.1 986 4 0,8 '1644 6 22.3 :23419 8 5.9 4234 13 20.5

100000 409 2 1.1 986 14 o.8 16114 6 2n.3 2714 9 3.71 5418 16 15.o
200000 683 3 0.1 986 4 0.8 11991 7 1.01308 10 2.31 7449 21 5.8



S1ngle Sampling Tables for AQL - 0.5 per cent anr y - .2

1 OOp 2  5.00 3.00 2.00 1.50 1.00

N! n c100P n -- OlP n c looP n c10C n c 10 P

30 10a 0 59.9 10& 0 73.7 101a 0 81.7 lo, 0 86.0 IO 0 90.o 4
50 l1a 0 59,9 10a 0 73.7 10a 0 81.7 i0a 0 86.00 lo 0 90E,4
70 10a 0 59.9 101M 0 73.7 10a 0 81.7 1ca 0 086,0 1a o 90.4

100 10a 0 59.9 10a 0 73.7 1 Oa 0 81.7 iOa 0 86.0 10a 0 90.4

200 10 0 59.9 10 0 73.7 108, 0 81.7 10a 0 86.0 10i 0 90.4
300 10 0 59.9 10 0 73.7 10 0 81.7 10 0 86.0 10a 0 9o.4
500 10 0 59.9 10 0 73.7 10 0 81.7 10 0 86.0 10 0 90.4
700 71 1 12.4 10 0 73.7 10 0 81.7 10i 0 86.0 10i 0 90.4

1000 71 1 12., 71 1 36.8 10 0 81.7 10 0 86.0 10 0 90.4

2000 71 1 12.41 16/4 2 12.8 71 1 58.3 71 1 71.2 10 0 90.4
3000 71 1 12.41' 164 2 1208 164 2 A6.1 164 2 55,3 90.4
5000 164 2 1.0 164 2 12.8 274 3 20.I 274 3 41.1 71 1 841
7000 164 2 1.0 o274 3 3.5 395 O 10.3 395 4 29.3 164 2 77.5
10000 164 2 1.0: 274 33.5 395 4 10.3 523 5 20.4 523 5 57.5

20000 164 2 1.0 274 3 3.5 523 5 5.0 797 7 9.0 1386 11 27.1
30000 .16 2 1.0 395 4 o.8 658 6 2.3 940 8 5.8 1851 14 17.5
50000 164 2 1.0 395 4 0.8 658 6 2.3 1086 9 3.6 2329 17 11.0
70)0UO .274 3 0.0 395 4 0.8 797 7 1.0 1255c 10 2.3 2817 2C c 8

100000 ý74 3 0.0 395 4 0.8 797 7 1.0 1386 11 1.4 3147 P2 4.8
200000 1274 3 0.0 523 5 0.2 940 8 0.4 1540 12 0.8 3815 26 2c4

Single Sw .ling Tables for A(4Z 1.0 per cent anz - .2

lO P2  6.oo 4.oo 3.00 2,50 2.00

"N n c-InOOP r, c OOP n n clOOP nn clOOP 2n c10

30 0 73*4 5ft0 81.5 5ft0 85,9 5a o88.11 5o0o90.4
50 5 ~073-4~ 56 0 81-5 59 v85.9 5& o088o1 5& 090.4+
70 S.0341 5 0 81.5 51t0 85.9 5 0 88. 5R00.

100 5 0 73:4' 5ft 0 81.5 5& 0 85.9 56 0 88. 5L o 90.14

200 3 0 73.4 5 o81.5 5 085.9 5 088.1 5& 090.4+
300 5 0 73.4 5 0 81.,5 5 0 85.9 5 0 88.1 5 0 90.14
5W 035 137.15308 61.5 50o85.9 5 088. 5 090,4

82 21 9 2 5 0 88.1 3 09.' 700 • 35• 1 37.13 1581.9 085.91 ~88.1' 5 090.1

1 00035.8 351717 5090.

2 82O 2 12.4 1373198 1373 4o.9 82 66.3 5090.4
300 8O12.4 137319.8 198•4•28.9 198•4 4.7 77.4
500 ý137 3 M.3198 4+ 10.0 W6 5 20.0 329 6 28.3 26e5 37,4
7000 137333 2(e 5 4.8 329613.5399•7 21.9 471 840.0
10C 137 3•3#.3 26 5 -.8 399 7 8.8 4 9 1 2.7 69•11 26.8

200 198 4 0.7 WQ 6 2.2 44 9 3.5 694 I I.o 1085 16 12.7
30000 193 o.7 3997 0.9 618 10 2.21M 13 3.8 1328 19 7.811~ I98 4 . 1i W 1

5000 018 4 0. 99 7 0.9 6914 11 17 f Q 14 271575 22 14.7
70000 j2( 5 0.1 1,71 8 0.4 694 11 1.3 i106 15 2.0 1741 A 3.3
100000 26 5 0.1 471 8 0.4 771 12 0.8 I166 17 1.0 190 26 2.3
200000 1262 5 0.1k 544 9 0.1 ~848 13 0.5 I1328 19 0.5 1224.8 30 1.1



Single SsW1ing Tables for AC4L 2.0 per cent and y - .2

1O0p2 J 12.00 8.00 6.00 5.00 14.00

N 0ý6nw cofwý.-7omM- Mdwk loop n c lOOP n c OP n c loop n I lOOP

30 2a0o77.4 2a0o8 4 .6  2& o088.4 2a 090,2 2a0 92.2
50!2 o077. 4 j 2a 084.61 2a o088.4 2a 090 2 2a 092,2
70 2 0 77.4 20o8. 2a o088.4 2a 0 90:2j 2 9.

100 2 0 77.4 2 o046 2 o88.4 2 0 90.2 2a0 92.2

200 18 1 34.6 2 0 84.6 2 088.4 2 0 90.2 2 0 92.2
300 18 1 34,6 18 1 57.2' 2 0 88.4 2 0 90,2~ 2 0 92.2
500 18 1 34.6 18 1,57.2~ 181 70.6 2 0 90:2 2 0992.2
700 I41 2 11.6 41 2 35.3 41 2 55.0 18 1 77.4 2 0 92.2

1000 41 2 11.6 69 3 18.8 69 3 40.0 41 2 66.3 1'0 1 83.9

2000 69 3 2,8 99 4 9.5131 519.6 131 556 69 3 70,2
3000 69 3 2.84 99 4 9.5 165 6 12.9 200 7 21.3:200 7 45.0

50 69 2.8 1315 4.5 20078 8.3 2739 92.1311 26.2
7000 99 4 0.6 165 6 1.9 236 8 5.2 310 10 9.0 1425 13 19.6

10000 99q 4 0.6 165 6 1.9 273 9 3.2 348 11 6.6 544 16 12.2

200 99 4 0.6 *200 7 0.8 310 10 20 451 .54 706 2o .
30000 99 4 o.6 200 7 0.8 348 11 1.2 504 15 1.8 1 789 22 4.4
50000 131 5 0.1 236 8 0.3 386 12 0.7 1544 16 1.3 956 26 2.2
7f -O I .131 5 0.1 23 6 o .3 1425 13 0,4 J584 17 0.9 998 27 1.8

100000 131 5 0.1 273 9 0.11 425 13 0.4 624 18 0.6 11126 30 1.0
200000 0165 6 0.0 273 9 0.11 504 15 0.11 706 20 0.3 01254 33 0.6

Single Smp3ing Tables for AQU. 3.0 per cent snd y -. 2

P 100D 12.,00 g 9.00 7.50 6.00 5.00
N t cloop n Cloop~ n c IOOP n CIloop n C loop

30 1& 0 88.0: 1a 0 9100i la 0 92o5 1. 0 94.0 1& 0 954(

70 1 0 88.0~ 1 0 91.0 1is 0 92.5 1s 0 94.0 la. 0 95,0
700 1 0 88.0 1 0 91.01 1 0 92.5 11 4. s 0 95.0

900 108 .0 09.0 1092. 10 4. 1 095.0

20 2 1 69 1 0 9l.00 1 0 92o5 1 0 94.0 1 09.
30012 1 56.9 12 170.5 1 092.5 10o94.010 o95.0
500 27 2 5*5 27 255.7 12 1 77,4'112 1 84,o01 095.0
7V046 318.2 46 339.6:46,354,4 12 1 84.0 112 1 88.2

1000146 318*2 66 4 28.1. 66 444*3 12 1 84,o0121 88.2

2000 664 9,0 i1106 12.5 134 720,5137 44*346 380,3
300 885 3.9 134 77.7 1588 15.5 207 1029. 586 7

3M 0088 5 3.9 158 8 4,8 207 10 8-7 310 14 16.3 337 1538#1
7000 '110 6 1.7 18e 9 3.0' 232 11 6.4 337 15 13.8 472 20 26.2

10000 :iio 6 1.*7 182 . 5 2 464i1 8.5:610 25 17.7

20000 ~134 7 0.7232 11 1.1 337 15 1.6 37 22 4,286634 8.1
30000 158 8 0.3 258 12 o:6 363 16 1,2 610 25 2A410140 40 4*7
5ooco 1158 8 o.3 2&81. o .4 390 17 0. 695 28 1.*4 j1186 45 2.9
7100 158 8 c,3 1284 13 o.4 1417 18 0.6 723 29 1ei1 1274 48 2.2

100000 182 9 01 310 14 0.2 444 19 0.4 780 31 0.8 '1392 52 1.5j 200000 42(1 10 0.0 337 15 0.1! 4W9 21 0.2 :ý895 35 0.3 01600 59 0.7
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Single Samp"..._ Tables for A4L - 4.'o per cent and y - .2
n- - -- - ---- in -------- -- fi- f e --m f ---

100p2  12.00 10.00 8.00 7.00 6.00

N n c 10P r c IOOP n c 100? n c lOOP n c 100P

30 la 0 88.0 la 0 90.0 la 0 92.0 la o 93.0 la 0 94 ,0
50 1 0 88.0 1 0 90.0 la 0 92.0 la 0 93.0 la09 4 .O
70 1 0 88.0 1 0 90.0 1 0 92.0 1 0 93.0 1 0 94.0

100 1 0 88.0 1 0 90.0 1 0 92.0 1 0 93.0 1 0 94+.0

200 9 1 70.5 1 0 90.0 1 0 92.0 1 0 93.0 1 0 94,0
300 9 1 70--5 9 1 77.5 1 0 92.0 1 0 93.0 1 0 94.0
500 34 3 40.5 21 2 64.8 9 1 84.2 1 0 93.0 1 0 94,0
700 50 4 26.8 50 4 43.1 21 2 76.6 9 1 87.3 1 0 94.0

1000 66 5 18.1 66 5 34.3 50 4 62.9 21 282.1 9 1 90.2

2000 83 6 11.7 119 8 14.8 137 9 35.6 119 8 54.5 21 2 87.2
3000 101 7 7.1 137 9 11,2 194 12 21.6 194 12 39.5 101 7 74,0
5000 119 8 4.4 175 11 5.9 253 15 13.4 334 19 20.5 334 19 46.4

7000 137 9 2.7 194 12 4.5 293 17 9.6 396 22 15.1 501 27 32.3
10000 156 10 1.6 213 13 3.1 334 19 6.8 501 27 8.9 694 36 20.8

20000 175 11 0.9 253 15 1.5 437 24 2.8 629 33 4.6 979 49 10.5
30000 194 12 0.5 273 46 1.1 501 27 1.5 694 36 3.2 1157 57 6.7

50000 213 13 0.3 313 18 0.5 543 29 1.1 803 41 1.8 1359 66 4.0
70000 213 13 0.3 334 19 0.3 586 31 0.7 868 44 1.2 1472 71 2.9

100000 233 14 0.2 354 20 0.2 629 33 0.5 957 48 0.7 1608 77 2.0
200000 253 15 0.1 396 22 0,1 694 36 0.3 10145 52 0.5 11904 90 0.9

Single Sampling Tables for A( = 5.0 per cent andy - .2

lOOP2  15.00 12.50 1c.C 8.50 7.50

N n e lOOP n c OOP n c lOOP n c loop n c lOOP

30 1 0 85.0 1la 0 87.5 Ia 0 90.0 la 0 91.5 1& 0 92.5
50 1 0 85.0 1 087.5! 0 90.0 1 0 91.5 l& 0 92.5

70 1 0 85.0 1 0 87.5 1 0 90.0 1 0 91.5 1 0 92.5
100 1 0 85.0 1 0 87.5 1 0 90.0 1 0 91.5 1 0 92.5

200 7 1 71.7 1 0 87.5 1 0 90.0 1 0 91.5 1 0 92.5
300 16 2 56.1 7 1 78.5 1 0 90.0 11 0 91.5 1 0 92.5
500 28 337.7.28352.9 1090.0 1 091.5 1 92.5
700 40 426.3 53 5 33.6 28 3 69.51 1 0 91.5 1 0912.5

1000 53 5 17.4 67 6 25.2 67 6 49.028 378.9 1092.5

2000 81 7 6.7 11o 9 0.6 125 10 28.4 125 10 50.2 28 3 84.6
3000 95 8 4.2 125 10 7.7 187 14 15.2 203 15 340 187 14 5.
5000 110 9 2.4 14 11 5.6 235 17 9.2 334 23 16.9 351 24 36.5
7000 110 9 2.4 171 13 2.8 268 19 6.4 384 26 12.9 487 32 24.8
10000 125 10 1A. 187 14 2.0 284 2o 5.4 45 30 8.7 608 39 17.4

20000 140 11 0.8 219 16 0.9 351 24 2.5 556 36 4,7 873 54 7.6
30000 155 12 0.5 235 17 0.7 401 27 1,4 643 41 2.8 998 61 5.1
50000 171 13 0.3 251 18 0.5 45 30 0.8 !731 46 1.6 1197 72 2.6
00 187 I4 0.1 268 19 0.3 487 32 0.5 7/84. 49 1.2 1251 75 2.2

100000 187 14 0.1 284 20 0.2 54 33 0.4 855 53 0.7 1,3-A '. 1.3
200000 203 15 0.1 317 22 0.1 556 36 0.2 9W 59 0.4 1 ,80 >" -.



Single Sampling Tables for A;L = 7.3 pe'r cent and y - .2

lo P ?1.00 17.50 ( 14.oo 12.00 10.50

N n c lOOP n C lOOP n c 100P n c 1OOP n c lOOP

30 5a 1 71.7 5a 1 78.8 5a 1 85.5 5a 1 88.8~ 5s 1 9'-1

50 5a 1 71.7 5a 1 78.8 5a 1 85.3 5F, 1 88.8 5a 1 91.1

70 5a 1 71.7 5a 1 78.8 5a 1 85.3 5a 1 88.8 5a 1 91.1
100 5 1 71.7 5 1 78.8 5a 1 85.3 5a 1 88.8 5a 1 91.1

200 12 2 52.3 5 1 78.8 5 1 85.3 5 1 88.8 5a 1 91.1

300 L_0 3 36.9 12 2 64.8 5 1 85.3 5 1 88.8 5 1 91.1
500 29 4 24.1 29 4 40.9 20 3 69.6 5 1 88.8 5 1 91.1
700 38 5 16.1 48 6 24.2 48 6 48.t4 12 2 8353 5 1 91.1

1000 48 6 9.7 58 7 18.1 79 9 31.7 48 6 64.8 12 2 87.6

2000 58 7 5.9 90 10 6.7 123 13 16.7 134 14 34.8 101 11 62.9
3000 68 8 3.6 101 11 4.7 157 10 10.0 204 20 19.7 204 20 42,8

5000 79 9 2.0 112 12 3.3 192 19 5.8 263 25 12.3 349 32 23,-8

7000 90 10 1.1 123 13 r-.3 204 20 4.7 300 28 8.8 423 38 17.5
10000 90 10 1.1 134 14 1.7 227 22 3.3 349 32 5.7 511 45 11.8

20000 101 11 0.6 157 16 0.8 275 26 1.5 423 38 3.0 689 59 5.2

30000 112 12 0.3 168 17 0.5 300 28 1.0 473 42 1.9 779 66 3.4
50000 123 13 0,2 19'2 19 0.2 324 30 0.6 536 47 1.0 882 74 2.1

70000 134 14 0.1 192 19 0.2 349 72 o.4 574 50 0.7 947 79 1.5
100000 1! 14 0.1 204 20 0.1 361 33 0.3 612 53 0.5 :106 85 1,0
200000 145 1.5 0.1 i227 22 0.1 423 38 o.1 689 59 0.2 11157 95 0o5

Single Sampling Tables for AQL 10.0 per tent aend y .2

I 0o 1 30.00 25.00 20.00 1 17.0 0 15.C-
N n c loop n c 100P n c I0 Q n c lOOp n c 1001

30 3 178. 4  3a 1 8 4 . 4  3a 1 8 9. 6  3a 1 92-.3 3a 1 93.)

50 3a 17 3aI89.6 3a1re.3 3a1 9.9
70 3 73a 1 64.4 3& 1 89.6 3a 1)2.3 3a 195.3

100 82 55,2 31 84.4 3a i Sj.6  3a 192. 3 3a 193-9

200 14 335.5 1 3 52.1 3 3. 319r.-5. 3a 193.9)
300 20 423.8 20 441.5 143 69.8 3 192.3 3 193.9
5M027 513.6 34 621.8 3L~ 6 46,6 14 379.6 82 89.5
700 34,6 7.9 417 16.1 56 929--3 34 664.6 14 3 85ý.3

100 34 6 7.9 48 8 11.9 11 11 21.5 56 9 51.3 34 6 7•5

2000 48 8 2.7 63 10 5.8 1Ce 15 11.0 127 18 23.7 152 21 39.3
3000 56 9 1.3 71 11 3.8 119 17 7.0 177 24 13,0 211 28 27.7
500 569 1.3 79 12 2.5 15221 3.1 211 288. 289 376.
7000 63100.8 94141.3152213.1 25433 4.9 36 4610.0

100oo 63 1o 0.8 ie 0.8 177 24 1.7 280o 5 3.5 421 52 7.0

20000 71 11 0,4 119 17 0.3 194 26 1.1 324 W1 1.9 511 62 37
3000 79 12 0,2 119 17 0.3 211 28 0.7 359 45 1.2 574 69 2.,
50000 1 86 13 0.1 127 18 0.2 223 30 0.5 403 5o 0.7 6383 76 1,5
70000 86 13 o.1 135 19 0.1 254 %3 0.2 421 52 0.5 70C 3 0o.

100000 i94 14 0.1 143 20 0.1 254 33 0.2 448 55 o. 45 89 0.6
200000 1 10 0.01 21 0,1 20132 Q.1'-5W.• 61 ,-
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inx1.,. $ • TU: f,-" A, 4.D p~r -ent a- I -l

I 001k 1 0.6. 0Co .> t 0.20

IA C 10\• n C 1 0C kc 10 n e I OOP n C W0ar

50 Ajl - - All .- - AJ] - Ali - - All - -

70 51 0 59.9 51 0 73,6 )1 bl.5 5i 0 85.8 51 o 90.3
10 51 0 r9.9 6 0 70.6 15.8 90.5

200 51 0 59.9 51 0 73.6 5. 0 81.5 51 0 85.8 '1 0 90.3
5o0 51 0 59,9 51 0 73.6 41 0 81.5 51 C 85.8 51 0 90.5
500 51 0 59.9 51 0 73.6 1 0 81.5 51 0 .8 51 0 90.5
700 355 1 12.9 353 1 '7.1 7% 1 5.5 555 1 71.2 51 0 90.3

1oo 355 1 12.9 353 1 37.1 355 1 58.5 355 1 71.2 355 1 84.1

2000 355 1 12.9 355 1 37.1 818 2 56.5 818 2 55.5 818 2 77.4
3000 355 1 12.9 818 2 13.2 818 2 36.5 b18 2 55.5 818 2 77.4
5000 618 2 1,.2 818 2 1352 1367 3 20.5 1971 14 29.6 1971 4 64.0
7000 818 2 1.2 1367 3 3,7 1971 4 10.6 1971 14 29.6 2614 5 57.6

100oo 818 ? 1.2 13(7 3 3.7 1971 4 10.6 2614 5 20.6 3982 7 45.8

20000 818 2 1.2 1367 3 3.7 2614 5 5.1 5982 7 9.2 6926 11 27.2
3LCOW 818 2 1.2 1971 4 0.8 3286 6 2.4 4696 8 5.9 8466 13 20.5
50000 818 2 1.2 19411 4 0.8 3286 6 2.4 5427 9 3.7 11637 17 11.2
70000 1367 5 0.1 1971 4 0.8 3962 7 1.0 6170 10 2.3 13257 19 8.1

100000 11367 3 0.1 2614 5 0.2 3982 7 1.0! 6926 11 1.4:14896 21 5.6
200000 113 6 7 3 0.1 12614 5 0.2 i-4696 8 o.41 7691 12 0.9i19061 26 2.5

Sinrie Se.pling Tabl.-s for AQL.. 0.2 per cent and 7 -1

loop2 f 2.00 1.20 1 O.bO 1 0.60 0.40

N n c 100o r c I OOP n c lOOP n e lOOP n c looP

30 25 0 60.3 25 1-5.9 25 0 6i.8 25 0 86.0 25 0 90.5
50 25 G 60., 25 0 73.9 25 0 81.8 25 0 86.0 25 0 90.5
70 25 0 60.3 25 0 73.9 25 0 81.8 25 0 86.0 25 0 90.5
100 25 0 6o.3 25 0 73.9 25 0 81.8 25 0 86.0 25 0 90.5

200 25 0 6o.3 25 0 73.9 25 0 41.8 25 0 86.0 25 0 90.5
500 25 0 60.3 178 1 56.9 17b 1 58.3 25 0 86.0 25 0 90.5
500 176 1 12.7 178 1 36.9 178 1 56.3 178 1 71.1 178 1 814.0

70 18 11.;178 1 6.9 17h 8. 7 1 71.11 178 1 814.0

1000 178 1 12.7 178 1 36.9 40 2 36.14 409 2 55-5 2 77.&

2000 178 1 12.7! 409 2 13.1 683 3 ,C0.5 683 3~ 41.4. 683 70.7
30=0 1!09 2 1.1F09  2 13.1 683 320.5 9M6 429.61 986 4 64.0
50m) 409 2 1.1 663 3 3.6 9#36 4 10-5 1307 5 20.5 1991 7 45.8
7000 109 2 1.1 683 3 3.0; 1307 5.1 1644 613.8 2349 8 40.4

1000) 1-09 2 1.1 683 3 3.6 1307 5 5.1 1991 7 9.1 •1s411 27.2

20000409 2 1.198 4 0.8 1644 6 2.3 2U149 3.7'5020 15 15.2
30 683 3 0.1 986 4 0.8 1991 7 1.0.- )W 10 2.3 6223 18 9.5
50000 683 3 0.1 1307 5 0.2 1991 7 1.0.3464 .1 1.4 7449 21 5.8

NOWO 6835 3 01 11307 5 0.2 j2A49 8 0.4 314&1 11 1.14 8691. 24 3.5
W 0.1 11307 5 0.2 ,34c9 b 0.4 j3846 12 0.9; 95.,2 26 2.4

2000OU 683 3 0.1 11307 5 0.2 t2714 9 0.2 4625 1 0.:311226 30 1.2



Si-n-gle Sampling Tables for AQL 0,1 D* er ront 'oid 7, -1.

- - - - - - -. - - - - - - - - - - . - --

30~O 59. 1 07371 0817 0 086.0, 10 0 90.4
50 10 0 59.9 100 73.7 1:10 0 81.7. 10 086.0 10 090.4
70 10 0 59.9 100 73.7.10 0 81.7 10 0 86:00 10'090.4

100 10 0 59.9 10 073.7 100 81.7. 10 086.0 10 090o.4

200 71 112.4 711 36.8. 71 158.3: 71 171.2. 71 1 84.1
500 71 112.4 71 136.8:71 1 58.3~ 71 171.2 71 1 84.1
500 71. 1 12.4 164 2 12.8 164 2 36.1. 164 2 55.3 164 2 77.3
700 71 1 12.4 164 2 12.8 164 2 36.1: 274 3 41.1 274 3 70.6

1000 :164 2 1.0 164 2 12.8 274 3 20.1 274 3 41.1* 395 4 63.9

2000 1i64 2 1.0 274 3 3.5' 395 4 10.3: 523 5 20.4. 797 7 45.6
3000 164 2 1.0 274 3 3.5 523 5 5.0~ 658 6 13.7:1066 9 35.5
5000 ±164 2 1.0 395 4 0.8 523 5 5.0: 9140 8 5.8 .1540 12 23.5
7000 !164 2 1.0 395 4 0.8 658 6 2.3 940 8 5.8 :1851 14 17.5

10000 !164 2 1.0 395 4 0.8 658 6 2.3::1086 9 3.6 2329 17 11.0

20000 .274 3 0.0 395 4 0.8 797 7 1.0: 1386 11 1.4 :2981 21 5.7
30000 274 3 0.0 523 5 0.2 940 8 0.4 154o 12 o.8 3479 24 3.4
50000 i274 3 0.0 523 5 0.2 940 8 0.4 1695 13 0.5:3983 27 2.0
70000 1274 3 0.0 523 5 0.*2 1086 9 0.2 1695 13 0 5 14322 29 1.4

100000 274 3 0.0 523 5 0.2 '1066 9 0.2 1851 14 0.3 14663 31 1.0
200000 1274 3 0.0 658 6 0.0 1 1235, 10 0.1 12009 15 0.2 15350 35 0.5

Single Sampling Tables for AQI. - 1.0 per cent and y -1

lO~P2  6.00 4.00 3.00 2.50 2.00

N n c loop n c loopn c loop n c loop n c1loop

30 5 073.4 5 081.5 5 085.9 5 088.1 5090.o,4
50 5 073.4 50 81.5; 5 085.9 50 88.1 5 090.4
70 35 137.1 35 158.9:35 171.7 5 088.1 50 90.4

100 35 137.1 35 158.9 35 171-7 351 78.2 35 184.5

200 35 1 37.1 822 35.8 822 55.2 82 266.3 82 277.4
300 82 2 12,4 82 2 35.8 82 2 55.2 82 266.3 82 277.4
500 82 2 12,4 137 319.*B198 428.9 198 4144.7198 463.7
700 '137 3 3.3 198 4 10.0 198 4 28,9 262 5 35.9i 262 571

1000 !137 3 3.3 1983 4 10.0 262 5 20.0 329 6 2803 1 399 7 45.4

2000 137 3 3.3 262 5 4.8 399 7 8.8 471 8 16,7 694 11 26.8
5000 1198 14 0.7 M2 6 2 2 5441 9 3.5 7718 12 95. 866 17 20.8
30001198 40.7 3296 2.2:54718 356 67181095.58166 713 0,1
70001 94 0.7 399 70.9 618 102.2 84813 3.8132819 7*8

10000 1198 4 07 399 7 0.9 694 11 1.3 927 14 2,7 1492 21 5.6

20000 262 5 0.1 471 8 0.4 771 12 0.8 1085 16 1.4 1909 26 2.3
30000 262 5 0.11471 8 0 -4j81 8W13 0.5 1246 18 0.7 2078 28 1.6
50000262 50.1l544 9 0,1 t927 14 0.3 1328 19 0.5 2333 31 0.9
70000 32960ox0544 90.1 927A40.3 141020 0,312505 330.6

100000 329 6 0.0 618 10 0.1. 1006 15 0.2 1492 21 0.2 12677 35 0.4
200000 329 6 0.0 618 1n- 0.1 1085 16 0.1 1658 23 0.1 2937 38 0.2
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Single Sv.rtip"i Tab les for AeL - 2.0 rer rent -' --

I l00p, ( 12.00 f8.00 4. C-P
- : -o o - - i r CN I n c IOOPI n c 1 [ n C OO n

303 8 1 1 18 1 57.2 .6 2 0 00,2 1 0 92.-

50 18 1 34.6 18 1 57.2 18 1 7t0.6 r 1 77.4 1 1
70 18 1 34.6 18 1 57.2 18 1 70.6 18 1 774•4 8

100 18 1 34.6 41 2 35.3 41 2 55, 1 41 2 66.3 i.1 2 77.5

2oo 41 2 11.6 69 A 18,8 69 3 40.0 69 3 54.5 69 370W2
300 41 2 11.6 69 3 18.8 99 4 28.5 C9 4 it•.5 99 4 6;17
500 69 3 2.8 99 4 9.5 131 5 19.6 165 6 27.7 200 5.0
700 69 3 2.8 99 4 9.5 165 6 12.9 200 7 213 06 8 39.6

1000 69 3 2.8 131 5 4.,5 200 7 8,3 236 8 16,2 310 10 30.2

2000 99 4 o.6* 165 6 1.9 236 8 5.2 548 11 6.6 504 15 11:,)
3000 99 4 n.6 165 6 1. 9  273 9 3.2 386 12 4.9 C-2 10, e.9
5000 99 4 0.6 200 7 0.8 310 10 2.0 464 14 2.61 7472_ 503
7000 131 5 0.1 200 7 0.8 348 11 1i.2 504 15 1.8 830 12 3.7

10000 131 5 0.1 236 8 0- 386 12 0.7 4 16 1.3 914 £5 2,6

20000 131 5 O.1 27A 9 0. 1 s 13 (.4 64 18 0.6 I o3 C9 1.2
300O0. 131 5 0.1 273 9 0.1 460 14 0.2 665 19 0.4 1211 52 0,7
50000 165 6 0.0: 273 9 0.1 504 15 0.1 747 21 0.2 1297 54 0.5
70000, 165 6 OC, '10 10 00 44 16 0.1 789 22 0.1 1383 )6 0.3

100000 165 6 0.0 310 10 c.0 544 16 0.1 830 23 0.1 1470 3 8 0.-
200oooo 165 6 J.0 348 11 0.0 584 17 0.0 914 25 0.0 1601 41 0.1

Single umpling Tables for AqL - 3.0 per cent and 7 -1
------ --------- ---- ----f.. e-----fe eeO.

100p 2  12.00 9.00 7.50 6.00 5.00
eece~-------- C ec leea.f~.cae ee. -- ------ es ------ ~*h . i S ... .. a...- s.-

N n c10OO'!n c100O n c lOOp n c 1OOF n c 1IC!"

30 12 1 56.9 12 1 70.5 12 1 77.4 12 1 e4.0 12 1 88.2
50 12 1 56.9 12 1 70.5 12 1 77.4 12 1 84.0o 12 1 88.2
70o 27 23.5 27 2 55.7 27 2 67.0 27 2 78.1 121 882

100 27 2 35.5 46 3 39.6 46 3 54.4 46 3 70.31 27 2 8..

Pcoo 4 6 3 18.2 664 28.1 664 44.3 463.7 C6 4 76.6
300 66 49.0 88 5 18.6 88 5 34.6 11, 65o.8 i10 668.E
500 885 3.9 1106 12.5 1347 20.5 9 38,91829 57.4

700 88 5 3.9 134 7 7.7 158 8 15.5 232 11 25.9 258 12 47.,
i 000i 88 5 3.9 158 8 4.8 207 10 8.7 284 13 19.0' 337 15 8.1

2000 110 6 1.7 182 9 3.0 258 12 4.6 417 18 8.51 5&1 24 19,p-
3000 134 7 0.7 207 10 1.8 284 13 3.3 472 20 5.9 723 29 12.6

5000 131' 7 047 232 11 1.1 337 15 1.6 554 23 3.5 cE95 35 7,A
7000 i58 8 0.3 258 12 0.6 363 16 1.2 61 o 25 2.4 1 C•o 40 4.7
10000 158 8 0.3 258 12 '6 390 17 0.81 695 28 1.4 1127 43 3.6

20000 18. 9 o.1 310 14 0.2 444 19 0.4 780 31 o.8 1392 52 1.5
30000 182 9 0.1 337 15 0.1 472 20 0.3 837 33 o.5 1511 56 1.0

50000D 07 10 0.0 337 15 0.1 527 22 0.1194 36 o.$ 166o 61 0.6
70000 20? 10 0.0 o 363 16 0.1 327 22 0.1 981 3e 0.2 1750 64 0.4

100000 207 10 0.0 390 17 0.0 582 24 0.1 11040 40 0.1 1870 68 o,3
200000 232 11 0.0 417 18 0.0 610 25 0.0 11127 43 0.1 1251 74. 0,2



Single Samplir- Tables for ACQL = 4." per cent end -7 =1

I o~p2 ( 12.00 10.00 8.00 7.00 6.00

t• jn c lOOP n c lOOP I n c IUOP n c loop n c loop
30 91o70.5 9 1 77.5 9 1 84.21 9 1 87.3 9 1 90.2
50 21 2 53.0 21 264.8 121 2 76.6 1 9 18.3 9 19.70 21 2 53.0 21 2 64.8 21 2 76.6 Z2 2 82.1 1 2 287.2
100 34 3 40.5 34 3 55.4 34 3 71.2 21 2 82.1 21 2 87.2

200 50 4 26.8 66 5 34.3 83 6 50.0 83 6 63.8 66 5 79.6
300 83 6 11.7 101 7 19.7 101 7 43.6 119 8 54.5 101 7 74.0
500 101 7 7.1 119 8 14.8 156 10 28.9 175 11 42.8 175 11 64.1
700 101 7 7.1 137 9 11.2 194 12 21.6 233 14 33.2 273 16 52.7

1000 119 8 4.4 175 11 5.9 i 253 15 13.4 293 17 25.1 375 21 42.6

2000 156 10 1.6 213 13 3.1 334 19 6.8 458 25 11.2 629 33 24.2
3o001 156 10 1.6 233 14 2.2 396 22 3.9 543 29 7.2 1803 41 16,0
5000 175 11 0.9 273 16 1.1 458 25 2.3 629 33 4.6 1023 51 9.4
7000 194 12 0.5 293 17 0.7 501 27 1.5 694 36 3.2 1157 57 6.7

10000 213 13 0.3 313 18 0.5 522 28 1.3 781 40 2.0 1314 64 4.5

20000 233 14 0.2 354 20 0.2 629 33 o, 1 46 1.0 1608 77 2.0
30000 253 15 0.1 375 21 0.2 672 35 0.511001 50 0.6 1790 85 1.3
50000 273 16 0.1 396 22 0.1 715 37 0.2 !100 54 0.3 1973 93 0.8
70000 273 16 0.1 416 23 0.1 759 39 0.1 1157 57 0,2 2088 98 0.5

100000 293 17 0.0 437 24 0.1 781 40 0.1 1224 6o 0.2
200000 313 18 0.0 479 26 0.0 86 44 0.0 11314 64 0.1

Single Sampling Tables for AQL - 5.0 per cent and -1 =

100p 15.00 12.50 1 10.00 8.50 7.50

N n c loop n c looP n c looP n c lOOP n c loop

30 7 1 71.7 7 1 78.5 7 1 85.0 7 1 88.6 1 0 92,5
50 16 2 56.1 16 2 67.7 16278.9 16 2 85.0 7190.8
70 28 3 37.7 28 3 52.9 28 3 69.5 28 3 78.9 28 3 84.6

100 28 3 37.7 40 4 42.9 40 4 6^.9 20 3 78.9 28 3 84.6

200 53 5 17 4 67 6 25.2 67 6 49.0 81 7 61.7 67 6 76,4
S00 67 6 10.7 81 7 19.1 110 9 32.9 110 9 53.9 110 9 68.9
500 81 7 6.7 110 9 10.6 140 ii 2P4.7 187 '4 36.9 203 15 54,4
700 95 8 4.2 125 10 7.7 187 14 15.2 235 17 28.9 268 19 45.8

1000 '10 9 2,4 140 11 5.6 219 16 I0.9 284 20 22. 351 24 36,5

2000 125 10 1.4 187 14 2.0 284 20 5.4 435 29 9.6 P56 36 20.3
3000 14o 11 0,8 203 15 1.4 334 23 3.1 504 33 6.4 696 44 13.3
5000 155 12 0.5 219 16 0.9 384 26 1.8 608 39 3.4 909 c6 6.8
7000 155 12 0,5 235 17 0.7 418 28 1.2 643 41 2.8 1016 62 4,8

10000 171 13 0.3 251 18 0.5 435 29 1.0 731 46 1.6 1124 68 3.4

20000 187 14 0.1 284 20 0,2 004 33 0.4 837 5P 0.8 1342 80 '.6
30000 203 15 0.1 300 21 0.1 538 35 0.Z 909 56 0.5 1470 87 1,0
50000 219 16 0,0 317 22 0.1 573 37 0,2 99A 61 0.3 1635 96 0.6
70000 219 16 0.0 334 2,3 o.1 608 39 0.1 1034 63 0.2

100000 235 17 0.0 351 24 0.0 643 4 0.1 1o88 66 0.2
200000 251 18 0.0 384 26 0.0 696 44 0.0 1197 72 0.1



B•"'.l' SaqUing Tables for A(; - 7.0 per cent and 7 -1
- - - - - - -- - - - - - --- - - -

lOOp 21.00 17-.50 j 1' f 12.00 10.50p m a N -- I m m* - - aw • m • • e.eld ,m • al• -- - - *•

N n c lOOP n c IOOP n I OOP n c IOOP n c I Ou

30 12 2 52.3 12 2 614,8 12 2 77.0 12 2 83.3 5 1 91.1
50 20 336.9 f203 52.6 20 369.6 203 78.7 122 87.6
70 20 336*9 29 4 4o.929 4 61.7 29 4 73,620 384.9

100 29 4 24. 1 29 4 40.91 38 5 55.6 29 4 73.6 29 4 81.7

200 48 6 9.7 58 7 18.1 79 9 31.7 79 9 52.0 79 9 68.5
300 58 7 5.9 68 8 13.7 90 10 26.9 112 12 40.6 112 12 60.5
500 68 8 3.6 90 10 6.7 123 13 16.7 157 16 29.0 192 19 45.0
700 68 8 3.6 101 11 4.7 157 16 10.0 201o4 20 19.7 251 214 36.0

1000 79 9 2.0 112 12 3.3 180 18 7.0 251 214 13.6 312 29 27.9
Si

2000o 90 10 1.1 134 114 1.7 227 22 3.3 359 72 5. 511 45 11.8
530 I 1o0 11 0.6 145 15 1.2 251 24 2.2 38635 4.1 567 51 8.4
5000 112 12 0.3 157 16 0.8 300 28 1.0 1446 40 2.14 *702 60 4.9
7000 112 12 0.3 180 18 0.3 300 28 1.0 1498 44 1.5 792 67 3.2

10000 123 13 0.2 192 19 0.2 324 30 0.6 536 147 1.0 1 869 73 2.2

20000 1314 14 0.1 204 20 0.1 361 33 0.3 61a 53 0.5 10P26 85 1.0
30000 1145 15 0.1 21 1 0.1 386 35 0.2 638 55 0.14 i110o4 91 0.7
50000 157 16 0.0 227 22 0. 1 423 38 0.1 7op 60 0.2 1196 98 0.14
70000 157 16 0.0 23923 0.0 o 4481 0.1o 74063 0.1

100000 168 17 0.0 251 24 o0 473 42 . 779 o.1
200000 180 18 0.0 275 26 0.0 511 45 0.0 843 71 0.1

Single Sanpling Tables for A(L m 10.0 per cent and 7Y 1

100• j 30.00 25.00 20.00 17.00 15.00

N n cloop n a looP n cloop n lOOP n c loop

30 114 3 35.5 14 3 52.1 14 3 69.8 14 3 79.6 14 3 85.3
50 114 3 35.5 to 4 141.5 20 14 63.0 14 3 79.6 114 3 85.3

O 2 4 38 27 529.9 27 553.9 275369.5 27 579.0
100 27 513.6 34 621.8 34646.634 6 64.6 34 6 75.9

200 34 6 7.9 48 8 11.9 56 9 29.3 79 12 40.! 79 12 59.5
300 1I 7 ? 4.6 56 9 7.8 79 12 17.8 119 17 95.8 119 17 4-7.6
500 48 8 2.7 71 11 3.8 io 16 9.1 152 21 17.5 177 24 34.1
700 56 9 1.3 79 12 2.5 119 17 7.0 177 24 13.0 228 30 25.0

1O00 56 9 1.3 79 12 2.5 135 19 4.9 211 28 8.5 o.89 37 16.8

2 200 63 10 0.8 1 oe 15 0.8 177 24 1.7 254 33 14.9 377 47 9.14
3000 71 11 0.4 10o 16 M 194 26 1.1 289 37 3.1 466 57 3.1
5000 "9 12 0.2 119 17 0.3 211 28 0.7 350 44 1.4 5 65 3.1
7000 79 12 0.2 119 17 0.3 228 30 0.5 368 46 1.i 583 70 2.2

1000 86 13 0.1 127 18 0.2 228 30 0.5 377 47 0.9 638 76 1.5

20000X 94 14 0.11143 20 0.1 25 33 0.2 448 55 0.4 757 89 0.6
30000 102 15 0.0 152 21 0.1 ,28036 o.1 1475 58 0.2 812 95 0.4
5M 10 e 15 0.o0160 22 0.0 289 37 0.1 511 6e o.1 849 99 o0
7oooo 110 16 o.0 168 3 0.0 315 40 0.0 o538 65 0.1
1 oo oo1 16 0.0 17724 o00321441 0 o 0 56568 0.1
CUC00 119 17 0.0 185 25 0.0 35044 0.0 62975 0.0
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Single Sampling Tables with Producer's Risk of 5%.
a------------------------------------------------------

B(c,m)' =0.95, r p2 P n mrnp1, M Np, y=0.2.

r 1.50 1.60 1.80 2,00 2.25 2.50 2.75 3.0 3.5 4.o 5.0

c m M M M N M M N NM M M M

0 0.0513 47.8 38.3 27.0 20.5 15.6 12.6 10.5 9.01 7.08 5.90 4.59

1 0.3554 74.2 58.4 39.9 29.9 22.6 18.3 15.5 13.6 11.3 10.1 9.40

S2 0.8177 89.5 69.8 47.5 35.8 27.6 23.0 20.2 18.6 17.1 17.3 20.8

3 1.366 101 78.6 53.7 41.1 32.8 28,5 26.4 25.6 26.9 31.2 52.4

4 1.970 109 85.1 59.0 46.3 38.6 35.3 34.7 35.9 43.6 59.9 148

5 2.613 116 91.o 64.3 52.1 45.5 44.1 46.2 51.4 73.5 122 465

6 3.285 123 96.8 70.1 58.6 54.0 55.6 62.5 75.3 129 263 1590

7 3.961 129 103 76.2 66.1 64.4 70.9 85.8 112 234 595 5810

8 4.695 134 108 82.6 74.5 76.9 90.9 119 171 438 1400 22500

9 5.425 141 114 90.0 84.5 92.8 118 169 266 844 3410 91800

10 6.169 146 120 98.0 96.0 112 154 241 421 1670 8590

11 6.924 152 126 107 109 137 204 350 677 3360 22200

12 7.69o 158 133 116 125 167 271 514 1110 6920 58700

13 8.464 164 140 127 143 206 365 762 1830 14500

14 9.246 171 148 139 164 255 494 1140 3060 30900

15 10.04 178 156 153 189 318 674 1730 5180 66600

16 10.83 184 164 167 218 397 925 2640 8860

17 11.63 192 174 184 253 499 1280 4070 15300

18 12.44 199 184 203 293 630 1780 6300 26600

19 13.25 207 194 223 341 797 2490 9840 46700

20 14.07 216 205 247 398 1020 3510 15500 82700

22 15.72 233 230 301 546 1660 7050 38800

24 17.38 253 258 370 757 2760 14400

z6 19.06 274 290 458 1060 4650 30000

28 20.75 298 327 569 1490 7930 63100

30 22.44 324 369 710 2120 13600 r 6.5 10.0

35 26.73 401 505 1260 5260 55100 c m M M

40 31.07 501 701 2300 13500 0 0.0513 3.72 3.22

45 35.44 631 984 4310 36000 1 0.3554 10.3 19.9

50 39.85 798 1400 8210 2 0.8177 36.1 242

60 48.75 1310 2910 31400 3 1.366 162 5040

70 57.73 2200 6300 4 1.970 890 153000

80 66.79 3780 14100 5 2.613 5730

90 75.90 6610 32300 6 3.285 41800

99 84.4 11100 7 3.981 336000
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Single Sampling Tables with Producer's Risk of 5%.
---------------------------------------------------

B(c,m) 0.95, r=P 2 /P1 , m-np1 , M=Np1 , Y= I.

r 1.50 1.60 1.80 2.00 2.25 2.50 2.75 3.0 3.5 4.0 5.0
c m M M M M M M M M M M M

5

0 0.0513 1.22 1.09 0.932 0.837 0.762 0.713 0.679 0.655 0.622 0.602 0.583

1 0.3554 2.62 2.38 2.10 1.93 1.81 1.74 1.70 1.68 1.67 1.70 1.82

2 0.8177 4.06 3.76 3.39 3.20 3.08 3.04 3.04 3.09 3.26 3.54 4.52

3 1.366 5.60 5.23 4.63 4.64 4.58 4.63 4.77 4.99 5.69 6.82 11.3

S4 1.970 7.14 6.74 6.34 6.21 6.28 6.54 6.97 7.59 9.56 13.1 31.0

5 2.613 8.73 8.33 7.97 7.96 8.26 8.88 9.85 11.3 16.1 26.1 94.9

6 3.285 10.4 9.98 9.71 9.88 10.6 11.8 13.7 16.6 27.7 54.8 320

7 3.981 12.1 11.7 11.6 12.0 13.3 15.4 19.0 24.6 49.3 122 1170

8 4.695 13.8 13.A 13.5 14.4 16.4 20.1 26.3 37.0 90.7 283 4510

9 5.425 15.6 15.3 15.7 17.0 20.2 26.1 36.8 56.6 173 687 18400

10 6.169 17.4 17.2 18.0 20.0 24.8 34.0 51.9 88.2 338 1720 78000

11 6.924 19.2 19.2 20.4 23.3 30.3 44.5 74.3 140 677 4440

12 7.600 21.2 21.3 23.1 27.1 37.1 58.7 108 226 1390 11800

13 8.464 23.1 23.5 25.9 31.4 45.5 78.0 158 372 2910 31800

14 9.246 25.2 25.7 29.1 36.3 56.0 105 235 619 6180 87700

15 10.04 27.3 28.1 32.4 42.0 69.2 141 353 1040 13300

16 10.83 29.4 30.5 36.1 48.4 85.6 192 535 1790 29100

17 11.63 31.6 33.1 40.2 56.0 107 264 821 3070 64500

18 12.44 33.9 35.8 44.6 64.9 134 365 1270 5340

19 13.25 36.2 38.6 49.4 75.1 168 508 1980 9360

20 14.07 38.7 41.7 54.8 87.3 212 712 3100 165u0

22 15.72 43.8 48.0 67.1 118 343 1420 7780 52800

24 17.38 49.2 55.1 82.4 162 564 2900 19900

26 19.06 55.1 63.1 101 223 944 6010 52100

28 20.75 61.3 71.9 125 312 1600 12600

30 22.44 68.1 81.9 155 438 2740 27000 r 6.5 10.0

i 35 26.73 87.4 113 269 1070 11000 D M N

40 31.07 111 156 481 2730 46700 0 0.0.13 0.579 0.617

S45 35.44 141 216 885 7220 1 0.355 2.18 4.22

50 39.85 178 302 1670 19700 2 0.8177 7.74 49.1

60 48.75 288 613 6320 3 1.366 33.4 1010

70 57.73 473 1300 25500 4 1.970 179 30600

80 66.79 796 2860 5 2.613 1150 1230000

90 75.90 1370 6510 6 3.285 8360

99 84.14 2280 14000 7 3.981 67300
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IQL single sampling tables with minimum average costs.

The tables on pp. 33 - 37 are based on a binomial risk of 50 . for lots of

quality p0, i.e. i(p 0 0.50, and a binomial producer's risk, Q(pl) - 1 - P(pl).

The sampling plans given minimize the average costs R° = n + (N - n)7Q(pl).

The same plans will with good approximation minimize the average costs

R - n + (N - n)(7 1 Q(pl) + r 2 P(P 2 )) for P(po) - 0. 50 where Y = 71 + y2 and
p 2 ql

PO - (log (log pq
(12 702)-

The condition P(po 0.50 has been fulfilled as nearly as possible in the way

that n has been determined as the integer for which B(cnpo) is nearest to 0.50.
I0

The tables give nc, and 100 P(pj) as functions of N for 7y I and for the

following 45 combinations of 100 p and 100 p1 (100 P2 has been added in parenthesis

after 100 pl):

loop 0. (14 . ~ ~( )0O (10 5) 0.6(P
__O________ OOp 1 ( IOoIp2)

0.5 0.1 (1.42) 0.15 (1.18) 0.2 (1.01) 0.25 (0.877) 0.3 (0.773)

1 0.2 (2.84) 0.3 (2.35) 0.4 (2.01) 0.5 (1.75) 0.6 (1.55)

2 0.4 (5.63) 0.6 (4.68) 0.8 (4.01) 1.0 (3.50) 1.2 (3.09)

3 0.6 (8.39)0.9 (6.99) 1.2 (6.00) 1.5 (5.24) 1.8 (4.62)

4 1.2 (9.27) 1.6 (7.97) 2.0 (6.96) 2.4 (6.16) 2.8 (5.49)

5 1.5 (11.5) 2.0 (9.92) 2.5 (8.69) 3.0 (7.69) 3.5 (6.85)

7 2.8 (13.8) 3.5 (12.1) 4.2 (10.7) 4.9 (9.58) 5.6 (8.60)

10 4.0 (19.5) 5.0 (17.2) 6.0 (15.3) 7.0 (13.7) 8.0 (12.3)

15 6.0 (28.7) 7.5 (25.4) 9.0 (22.7) 10.5 (20.4) 12.0 (18.4)

Methods of interpolation have been discussed in section f.

The tables may be used for 7<10 by computing N m N7 and finding the plan

for Iand a l 1.
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The tables on pp. 38 - 39 are based on the same assumptions with tAxL only

J modification that the risks have been computed from Poisson probabilities.

The functions m - np and M - Np have been tabulated for M < 50,000 with c
0 0

and r - pl/Po as arguments for c 6 99 and r - 0.10ý, 0.15)...,0.80, and for
I0

y- 1. The optimum plan is (cm) for M(c-1)< M< M(c).

*

For <I0useM MY = and the table for y 1.

An approximation to the "binomial solution" may be obtained by using c from

the Poisson table and correcting the corresponding n to n b n - 1/3 or by

computing nb directly as nb - (c +(2 - po)/3)/Po.

An auxiliary table of p as function of p1 and r = p2 /p, has been given on

pp. 40 - 41.

!sis

I II
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Single Sampling Tables for IQL - 0.5 per cent and y =1
--- -- -- -- -- -- -- -- -- -- -- -- -- -- --

S0.l0 0.15 0.20 j 0.25 I 0.30I--5-- - -1 0
c lOOP n c lOOP n c lOOP n c loOP n c lOOP

1WO All.. All A-l All All

200 138 0 87.1 138 0 81.3 138 0 75.9 138 0 70.8 138 0 66.1
300 138 0 87.1 138 0 81.3 138 0 75.9 138 0 70.8 138 0 66.1
500 138 0 87.1 138 0 81.3 138 0 75.9 138 0 70.8, 138 0 66.1
700 138 0 87.1 138 0 81.3 138 0 75.9 138 0 70.8 138 0 66.1

i000 138 o 87.1 138 0 81.3 138 0 75-9 138 0 70.8 138 0 66.1

2000 138 0 87.1 335 1 90.9 335 1 85.5 335 1 79.5' 138 0 66.1
3000 335 1 95.5 335 1 90.9 335 1 85.5, 335 1 79.5i 335 1 73.4
5C00 335 1 95.5 534 2 95.3 534 2 90.7 534 2 84.9 5 2 78.3
7000 335 1 95.5 534 2 95.3 734 3 93.81 734 3 88.61 93z 41

100o0 534 2 98.3 734 3 97.4 74 3 9 81 934 4 91.2. 1134 5 87.1

2o 0 734 3 99.3 934 4 98.61134 5 97.2 1534 7 95.8 1 933 9 93.0
3000 734 3 99.3 934 4 98.6 1334 6 98:1I 1733 8 96.7 2333 11 94.750000 734 3 99.3 1134 5 99.2 1733 8 99.1 2333 11 98.41 3133 15 96.9

70000 934 4 99.7 1334 6 99.5 1733 8 99.1 2533 12 98.7! 3533 17 97.7
100000 934 4 99,7 1334 6 99.5 1933 9 99.V4 2933 14 99.2 4133 20 98.4
200000 1134 5 99.9 1733 8 99.9 2333 11 99.7' 3533 17 99.6: 5133 25 99.2

Str~le ft~ling Tables for ITQL - 1.0 per cent and y -1i

lOOpV 0.20 0.30 0.04 0.50 0.60

n iO'n c lOOP n cl1OOP n c 10*n cloýn cloop

5 A11 - All - - ~All - - A.11 - - All - -
70 69 0 87.1 69 0 81.3 0 75.8' 69 0 70.8 69 0 66.0

100 69 0 87.1 69 0 81.3 69 0 75.8' 69 0 70.8 69 0 66.0

200 69 0 87.1 69 0 81.3 69 0 75.8; 69 0 70.8 69 0 66.0
300 69 0 87.1 69 0 81.3 69 0 75.8i 69 0 70.8 69 0 66.0
500 69 0 87.1 69 0 81., 69 0 75.8 69 070.8 69 0 66.0
700 69 0 87.1 69 0 81.3 69 0 75.8 69070.8 69066.0

1000 69 0 87.1 t67 1 91.0 167 1 85.5 167 1 796 69 o 066.o

2000 167 1 95.5 167 1 91.0 267 2 90.7 , 267 2 84.9 267 2 78.3
30 167 1 95.5 267 2 95.3 267 2 90.7, 367 3 88.6 367 3 81.9
5000 267 2 98:3367 3 97:4 367 3 93.9 4671 91.3 567 587.1
7000 267 2 91.3 31 67 97. 41•67 495.9 667 6 94.7 767 7 90.5

1000o 367 3 99.3 17 498•6 567 5 97.•2 767 7 95.9 967 9 .93.0

20000 567 99o3 567 5 99.2 1 767 7 98.7 :1067 10 97.9 1366 13 96.0
0000 7 997 667 6 99.6!867 8 99.1i1167 11 98.•4 1666 1697.3

500 467 4 99.7 667 6 99.6 '967 9 99.:1,66 11, 99.2 '2066 20 98.4
70000 567 5 99.9 767 7 99.7 1067 10 99.6 1566 15 9983 2266 22 .8

1000 567 5 99.9 867 8 99,9 ,1167 11 99.7 11766 17 99.6 '2566 25 99.2
200000 667 6 100oo. 967 9 99.9 ,1366 13 99.812o66 20 99o8 3166 31 99.,6
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Sinr,• •a~pJi Tab?.es for IQL -= , ' rent and 7 1.

loOp, 0M40 0.60 0.80 1.00 1,20

n c ICOP n c 100P n c lOOP n c looP! n c lOOP

30 A.1-. A* I - All - - All - - AU - -
50 34 0 87,3 3'4 0 81,5 34 0 76.1 34 0 71.1 340 66.3
70 34 0 87,3 34 0 81.5 54 0 76.1 34 0 71.1 34 0 66.3

i00 34 0 8775 5L 0 61,5 34 0 76.1 3 0 71.1, 34 0 66.3

200 3b: 0 8-'.3 3 0 81,5 34 0 76.1 54 0 71.1 34 0 66.3
300 )1' 0 07-3 34 0 8',,5 4 0 76.1 34 0 71.1 5 0 66.3
500 54 0 87,3 34 0 81.5 84 1 85.4 34 0 71.1 34 0 66.3
7N0 84 1 95.5 84 1 90,9 84 1 85.4 84 1 79.5 84 1 73.3loCo 84 1 95.5 8L.> 1 90-9 153 2 90.8 133 2 85.1 133 2 78.5

2000 133 2 98.3 133 2 95,3 185 3 94.0 233 4 91.4i 233 4 84.9
3000 133 2 98,3 183 3 97,5 233 4 95.9 283 5 93.3 3; 3 6 89.1
5000 133 2 98.3 233 4 98.6 283 5 97.2 383 7 95.9i 483 9 93.1
7000 183 3 99.3 233 4 98,6 333 6 98.1 433 8 96.8' 583 11 94.8

10000 183 3 99e3 283 5 99,2 383 7 98.7 533 10 98.01 683 13 96.1

20000 233 4 99.7 333 6 99.6 483 9 99.4 683 13 99.0; 933 18 98.0
30000 233 4 99.7 1 383 7 99.8 533 10 99.6 733 14 99.2! 1083 21 98.6
50000 283 5 99,9 433 8 99.9 583 11 99.7 883 17 99.6' 1283 25 99.?
70000 283 5 99,9 433 8 99,9 633 12 99.8 933 18 99.7 1T 28 99,4

iO000 333 6 100,0 483 9 99.9 683 13 99.8 1033 20 99.8 1533 30 99.6
20C000 383 7 lC0,0 533 10 100.0 783 15 99.9 1183 23 99.9 1833 36 99.8

Single S•npil ng Tables for IQL - 3.0 per cent and 7 o-

lOOp 1  0.60 0.90 1.20 1.50 1.80

N n c 1o0p n c loop n c lOOP n c lOOP; n c lOOP

30 23 087,,l 25 0 81.2 23 0 75.8 23 0O70 61 23 065.950 23 0 87.1 23 0 81.2 23 0 75.8 23 0 70.61 23 0 65.9
70 23 0 87.1 23 0 81.2 23 0 75.8 23 0 70.61 23 0 65.9

100 23 0 87.1 23 0 81.2 23 0 75.8 23 0 70.61 23 065.9

200 23 0 87.1i 23 081.2 23 075.83 23 070.6123 0 65.I9300 23 0 87.1 125 0 81,2 23 0 7.8 j23 076 3 06.
500 56 1 95,5 561 90.9 561 85.5 56179:5156 1l73.
7001561 95.5 56 19o.9 92 90.8 9892 50, 869 2-.4

l00C 56 1 95.5 89 2 954, 89 2 90.8 122 3 88.8 122 3 82.2

2000 89 2 98.3 122 3 97.5 155 1•96.0 189 5 93.3 222 6 9,2
3000 89 2 98 3~5 4 98,6 18 973255 7 96.0 2 99 13 8.0 1199:3 2 9 .915000 j122 3 99.4 155 4 913.6 222 6 98.1 '322 9 97.5 1422 12 95.57000 122 3 992+ 189 5 99.2 255 7 98.7 355 10 98.0 455 13 961

10000 155 1' 99.7 222 6 99.6 289 899.1 11 98.4 555 1697.4

200 1155 499.72557 99.8 35510 99.6 409 14 9 9 ,j 722  21 98.7
(O f t189 5 99 ý9 2 55  7 99 .8 1 1 9 9 .7 5 5 5 16 9 9 . 5 1 5 5  9 9 25M 22 " 99.9 289 899.9 422 12 99.8 18 99.7 9552899.5

70000 1222 6 t -000 322 9 99.9 455 13 99.9 689 20 99.8 ;1055 31 99.6
100000 '222 " 10(.o 355 t) ic:).o 4.9 14 99.9 1 755 22 99.9 '1155 31 99.7200000 '255 7 10..0 3ý9 11. 1000. 555 16 99.9 855 25 99.9 1322 39 99.9
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Single Sampling Tables for IQL - 4.0 per cent and 7-1

lOOp 1 1.20 1 1.60 2.00 [ 2.4o 2.80
ft--- -- -- -- -- -- --- - -- -- -- --- - ---- - -. ----------

N r, c Q l( k n C .IAk' II c loop C A.UAk n c I tLA.J

30 17 0 81.4 17 0 76.0 17 0 70.9 17 o 66.2 17 0 61.7
50 17 o 81.4 17 0 76.0 17 0 70.9 17 0 66.2 17 0 61.7
70 17 0 81.4 17 0 76.0 17 0 70.9 17 0 66.2 17 0 61.7

100 17 0 81.4 17 0 76.0 17 0 70.9 17 0 66.2 17 0 61.7

200 17 0 81.,4 17 0 76.0 17 0 70.9 17 0 66.2 17 61.7
300 f 42 19 .0 42185.5142 179.5 42 1 73.3 17 0 61.7
500j42 19106 2 90.767 2 84.9 67 278.3 67271.142 191.0 67 29.7 678.

700 67 2 95,3 67 2 90.7 91 3 89.0 91 382.4 91 3 74.9
1000 67 2 95.3 91 3 94.1 116 4 91.6 116 4 85.2 116 77.14

2000 91 3 97.6 116 4 96.1 166 6 95.0 216 8 92.2 241 9 85.8
3000:116 4 98.! 141 5 97.3 191 7 96.1 266 10 94.2 341 13 89.8
5000 141 5 99.3 191 7 98.8 241 9 97.6 341 13 96.2 466 18 93.1
7000 141 5 99.3 216 8 99.1 291 11 98.5 391 15 97.1 1 566 22 94.9

10000 166 6 99.6 241 9 99.4 316 12 98.8 466 18 98.1 691 27 96.4

20000 191 7 99.8 266 10 99.6 391 15 99.4 591 23 99.0 916 36 98.1
_300 216 8 99.9 316 12 99.8 441 17 99.6 666 26 993 1066 142 98.7
50000 241 9 99.9 341 13 99.9 491 19 99.7 766 30 99.6 1241 49 99.2
70000 2141 9 99.9 366 14 99.9 541 21 99.8 ~841 33 99.7 13654 99.14

100000 266 10 100.0 391 15 99.9 591 23 99.9 916 36 99.8 1516 60 99.6
200000 291 11 L.0 o 441 17 100.0 666 26 99.9 1104 41 99.9 1766 70 99.8

Single El11lng Tables for IQL , 5.0 per cent and 7 -1

loop, 1! 1.50 2.00 2.50 3,00 3.50_ _IIII -- In I-- _ - -I- - ' __. . l

Ne n c n c loot, n c loop n c lOCo n C looP

30 14 0 80.9 14 0 75.4 14 0 70.2 14 0 6;.- 14 o 6o.a
50 14 0 80.9 14 0 75.4 i 70.2 14 0 65.3 14 0 60.7
70 14 080.9 140 75.4 14 o0 70.2 o 065. 1 o 6o.?

100 14 0 80.9 14 0 75.4 14 0 ?0.2 14 0 65.3 14 0 60.7

200 33 191*2.33 1 85.9 33 1 80,1 33 174.0 3 1 67.8
1 3112 1 859 "33 1 " 180.1

0052 95*5 53 291,0 53 285.3 5327. 3 71.7
700 53 2 9.5 73 3 9*.1 73 3 89•.0 93 15.2 93 77.3

1000 73 397*6 73 3 94,1 9349 . 113 58653 681.4

2000 93 4 98o7 113 5 97.4 153 7 96.1 193 9 93.3 1 23 11 88.0
30oo 93 4 93,7 133 6 98.2 173 8 96.9 233 11 95.0 313 15 91.4
5000 113 5 99.3 153 7 98.8 213 10 98.1 313 15 97.1 133 21 94.5
7000 13.3 f. 99.6 173 8 99.2 25" 12 98.'s 53 17 97.8 513 25 95.91000x7° t1"1 9.6 1 9 9*4 • 1 •o •,1

6 193 9 273 13 990 13 20 98.6 613 30 97.2

20000 153 1 99.8 233 11 99.7 333 16 99.5 513 25 99.3 793 39 98.5
30 =.9 3 98 373 189 9.7 7 28 99.5 913 4599.0
5= 193 9 999 1293 1 99.9 13 2099 653 3299.7 105352 99A
70 213 10100.0 313 15 99.9 1453 22 99.9 693 34 99.8 1153 57 99.5

100000 '213 10 100.0 333 16 100.0 493 24 99.9 753 Z7 99.8 1273 63 99.7
2Co0=o 1253 12 100.0 3"5 17 100.0 553 27 1000. 873 399.9 -1473 73 99.8
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Single •wpling Tables for IQL w 7.0 per cent and -a1

loop 1  2.80 3.50 4.20 1 4.90 I 5.60
0 - - - -

N 1  ri c loop n c IlOOP n c IlOOP~ n lOf T c 100P? lC

30 10 0 75.3 10 0 70.0 10 0 65.1 10 0 60.5 10 0 56.2

50 10 0 75.3 10 0 70.0 10 o 65.1 10 0 60.5 10 0 56.2

70 10 0 75.3 10 0 70.0 10 0 65.1 10 0 60.5 10 0 56.2

100 10 0 75.3 100 70.0 l0o 0 65.1 10 0 60.5 100 56.2

200 24 1 85.6 24 1 79.5 24 1 73.3 24 1 67.0 24 1 60.8
300 38 2 91.0 38 2 85.3 38278.7 8271.5 2 2 64.1

500 52 3 94.2 52 1 89.2 66 4 85.6 66 4 77.8 66 4 69.0
700 52 3 94.2 66 4 91.9 66 4 85.6 66 4 77.8 66 4 69.0

looo 66 4 96.2 95 6 95.1 109 7 91.1 109 7 83.4 109 7 73.3

2000 95 6 98.2 109 7 96.2 166 11 95.2 223 15 91.7 223 15 81.3
3000 109 7 98.8 152 10 98.2 209 14 96.8 266 18 93.4 366 25 87.1
5000 124 8 99.2 166 11 98.6 252 17 97.9 366 25 96.1 523 36 91.2
7000 138 9 99.4 195 13 99.1 266 18 98.2 423 29 97.1 623 43 93.0

10000 152 10 99.6 223 15 99.4 323 22 99.0 509 35 98.1 823 57 95.5

20000 166 11 99.7 266 18 99.7 409 28 99.5 623 43 98.9 1123 78 97.6
30000 195 13 99.9 295 20 99.8 1423 29 99.6 723 50 99.3 1323 92 98.4
50000 209 14 99.9 323 22 99.9 509 35 99.8 823 57 99.6
70000 223 15 99.9 523•22 99.9 523 36 99,8 866 60 99.7
100000 238 16 100.0o 366 25 99:9 566 r )9.9 966 6- 99:8
200000 266 18 100.0 1409 28 100.0 652 5 9 9 . 9 1i I 999

Single Sqling Tables fr IQL - 10.0 per cent and 7 =1

lOOp1  4.00 5.00 6.0o 7.00 8.jr

N n c loop n c lOOP n c loop n c lOOP n c lOOP

501 7 0 75.1 7 069.8 7 o061,8 7 060.2 70 55.8
50o 75.1 70 69.8 7 0 64.8 70 60,2 70 55.8
71 0 75.1 7 0698 7 0b 4 .8 7060.2 7 C55.8
100j1V 1 86.7 16 1 81.11 16 1 75.1 16 1 69.0 i16 1 63.0

200 V4 1986.7 26 2 86.1 26 279.7 116 1 69.o t6 163.0
3001 262916 36 3$9.6j 36 3 83o2 36 375.7 26 2 65.14
500 j36 3 914.5 146 14 92,1~ 56 588,2 56 580.1 56 5 71.0
700 464 496.4 .56 5594076? 9.5 86 86 95.3 86 8•75.1
iOt 56 97.6 76 7•96.4 96 9 938116 I88.7 126.12 79.2

I i
2000 76 7 9.9 96 9 97.8 136 13 96.6 186 18 93.,7 236 23 86• 5
3M00 8- 8 99.2 116 11 90,6 156 15 97.14 226 22 95,3 326 32 90,2
5000.96 9 99.5 136 13 99,21961 9t.~9 99.456 145 9
7000106 10 99.6 14 614 99.3 2121 98 .9 336 3397.9 514651495.3

100= 116 1199.w8 166 16 99,6 246 214 99:3 3W6 38 98.6 656 65 96,6

~20000 136 1399.99196 19 99*8296 29 99.6 4864899.3 876 bl98,3I3000 146114 99.9 216 21 99*9 326 32 99o7 1536 53 99.5:
50000 156 1599.9 26 23 99.9 366 36 99*8616 61 99.7

S700W0166 16 100:0.214624 99.9 386 38 99.9.6W( 66 99.8
IOOOW0 176 17 100A01266 26 100,0 4i~ 141 99,9 716 71 9999

•2ow Ou i196 19100.0 i296 29 1o.o0-.•66 146100,0 616 81 99.9
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Single Samping Tables for IQL - 15.0 per cent and y al

100p, 6.00 7.50 I 9.00 f 10.50 12.00

lop c loop t C loop C CPn c lOIln 1(1

30 o7b1 4 0 3 I 4o068*6 4 064 2 4 o60,0
50j 4 0 78.l1 h 0 75.2 40o68,6 4i 0 64.2 4 060.0

70 40o7801t4 073.2 4 068,6 40 64.2! 40o60.0
10 11 1 1 7 2 87.0 17 2 80.Y7 40o64.2 4 0 60.0

200 17 2 92.2 17 2 87.0 17 2 80.7! 17 273.8 172 66.5
300 24 94.7 37 5 94.-I 37 588.9137 581.3 3757 72,0
500 37 5 97.8 37 5 94,~4' 7 9 5788 . 57 876.0
7001 37 597. 444695,6157 893*3 7711 89.4 77 11 79.1

1000 37 5 97,eL 57 8 97.5 ,77 11 95.8 97 1b. 91.8 117 17 83,8

2000 57 8 99.3 77 11 98.8 97 14 97.3 i157 23 96.1 217 32 90.8
3000 57 8 99.3 77 11 98.8 11 798.3 177 26 96.? 277 41 9533
5000 64 9 99.5 97 14 99,4 137 20 98.9 217 32 98.0 377 56 96.0
7000 77 11 99.8 104 15 99.5 157 253 95 5 38 98,tB k3 7 65 97.0

10000 77 11 99,8 .17' 17 99,7 177 26 99.5, 277 41 99.0 497 74 97.7

20000 97 14 99. 137 20 99.9 217 32 99.8 337 50 99.5 657 98 98.9
3000 9 14 1~ 23 99.9 29: 37 35 99.9 377 56 99.7

50000 ~104 15 100 0 '157 23 99,9 25-7 38 99:9 4A7 65 99.8
70000 117 17 100.0 j177 26 10O.jC 277 41 99. 457 68 99.9

100000 -1117 J T 100.0 177 26100o.0 297 144 1o00 490 99.9
200000 1 137 20 100,0 1197 29 100,0 3517 47 100:01 557, 9909~
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Sin .lSainyling Tables ,with Riski41f .52 j I..or Leqts of Indififerenpe. Q&1itjB(O-S) - 0.50, r p/ m ,m

r 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45

o m M M M M N M N

0 0.693 16.8 14.2 12.5 11.3 10.5 10.0 9.65 9.46

1 1.678 25.0 21.6 19.5 18.3 17.5 17.3 17.4 17.9

2 2.674 32,5 28.7 26.5 25.4 25.1 25.4 26.6 28.7

S3 3.672 39.6 35.6 33.6 32.9 33.3 34.9 37.9 42.9

4 4.671 46.4 42.4 40.8 40.8 42.4 45.9 51.8 61.5

5 5.670 53.5 49.6 48.4 49.5 52.8 58.9 69.1 86.3

6 .670 60.3 56.7 56.4 5e.8 64.4 74.1 90.6 119

7 7.662 67.5 64.3 65.0 09.1 77.6 92.2 117 163

8 0.669 74.1 71.7 73.7 80.0 92.1 113 150 220

9 9.69 81.5 79.8 83.3 92.3 109 139 192 296

10 10.67 88.7 88.0 93.3 106 128 168 243 396

13 11.67 95.6 96.1 104 120 149 203 307 527

S12 12.67 103 105 115 136 174 245 386 702

13 13.67 ill 114 127 153 201 294 485 932

14 14.67 119 124 140 172 232 351 607 1230
15 15.67 126 134 154 193 268 419 758 1630

16 16.67 135 144 168 215 308 500 946 2150

* 17 17.67 143 154 183 240 353 595 1180 2830

cId 18o67 151 166 200 268 405 707 1470 3720

19 19.61 159 177 217 297 462 838 Iu20 4890

20 20.67 168 J89 236 330 529 995 2260 6420
S22 22.67 P7 e15 277 405 689 1390 3470 11000

n4 24.67 206 243 323 496 893 1950 5320 18900

26 26.67 226 273 376 604 1160 2720 8120 32300

28 28.67 247 306 437 733 1490 3770 12400 55000

30 30.67 269 341 505 889 1920 5240 18300

35 35.67 3?9 445 720 1430 3580 -11800 53230

40 40.67 397 574 1020 2270 6630 26300

45 45.67 475 733 1420 3590 12200 58400

50 50.67 563 930 1980 5640 22300

Ao 60.67 778 1470 3790 13800

S70 70.67 1060 2300 7180 33100

80 80.67 1420 3570 13500

90 90.67 1890 5490 25100

99 99.67 2440 8060 43900
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r 0.40 0.35 0330 0.25 0.20 0.15 0.10

c m M M M M K m m
! 0 0.693 9.45 9.60 9.98 10.7 11.9 14.0 18.6

1 1.678 18.9 20.6 23.4 28.1 36.6 54.0 101

2 2.674 32.2 37.8 47.1 63.9 98.2 183 490
3 3.672 51.0 64.6 88.9 137 250 594 2270

4 4.671 77.8 107 162 286 621 1680 10300
5 5.670 116 173 252 587 1520 5830 45600

6 6.673 171 276 518 1190 3670 17900 200000

7 7.669 250 438 912 2400 8800 54400

8 8.669 361 688 1590 4790 20900

9 9.669 520 1080 2770 9530 49500
10 10.67 745 1680 4810 18900 116000

11 11.67 1060 2610 8290 37100

12 12.67 1520 4050 14300 73000
13 13.67 2150 6260 24500

14 14.67 3050 9660 41900

15 15.67 4320 14900 71700

16 16.67 6100 22800

17 17.67 8600 35000

18 18.67 12100 53600
19 19.67 17000
20 20.67 24000

22 22.67 47100
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Table of lO0p 0 (upper ontry) and lOOp (lover entry).

0 0/ ql1 //P;ql

q og l q 2q1

__r Ip2/Pr
lOOp, 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

0.10 1.23 1.44 1.64 1.82 2.00 2.16 2.33 2.49 2.64 2.79
1.00 1.23 1.44 1.64 1.82 2.00 2.17 2.34 2.50 2.66 2.81
0.15 1.85 2.16 1.4 2 2.99 3.25 3.49 3.73 3.96 4.19

1.50 1.85 2.17 2.46 2.74 3.01 3.26 3.51 3.76 4.00 4.23

0.20 2.47 2.89 3.27 3.64 3.99 4.33 4.66 4.98 5.29 5.59
2.00 2.47 2.89 3.28 3.65 4.01 4.36 4.70 5.03 5.35 5.67

0.25 3.08 3.61 4.09 4.55 4.99 5.41 5.82 6.22 6.61 6.99
2.50 3.08 3.61 4.10 4.57 5.02 5.46 5.88 6.30 6.71 7.11

0.30 3.70 4.33 4.91 5.46 5.99 6.50 6.99 7.47 7.93 8.39
3.00 3.70 4.34 4.93 5.49 6.04 6.56 7.08 7.58 8.08 8.57

0.35 4.32 5.05 5.73 6.38 6.99 7.58 8.16 8.71 9.26 9.79
3.50 4.32 5.06 5.75 6.41 7.05 7.67 8.28 8.87 9.46 10.0

0.40 4.93 5.77 6.55 7.29 7.99 8.67 9.32 9.96 10.6 11.2
4.00 4.94 5.78 6.58 7.34 8.07 8.79 9.49 10.2 10.9 11.5

0.45 5.55 6.49 7.37 8.20 8.99 9.75 10.5 11.2 11.9 12.6
4.50 5.55 6.51 7.41 8.27 9.09 9.90 10.7 11.5 12.3 13.0

0.50 6.17 7.22 8.19 9.11 9.99 10.8 11.7 12.5 13.2 14.0
5.00 6.17 7.24 8.24 9.19 10.1 11.0 11.9 12.8 13.7 14.6

0.55 6.78 7.94 9.01 10.0 11.0 11.9 12.8 13.7 14.6 15.4
5.50 6.79 7.96 9.07 10.1 11.2 12.2 13.2 14.1 15.1 16.1

0.60 7.40 8.66 9.83 10.9 12.0 13.0 14.0 15.0 15.9 16.8
6.00 7.41 8.69 9.90 11.1 12.2 13.3 14.4 15.5 16.6 17.7

0.65 8.02 9.38 10.6 11.8 13.0 14.1 15.2 16.2 17.2 18.2
6.50 8.03 9.42 10.7 12.0 13.2 14.4 15.6 16.8 18.0 19.2

0.70 8.63 10.1 11.5 12.8 14.0 15.2 16.3 17.5 18.6 19.6
7.00 8.64 10.1 11.6 12.9 14.3 15.6 16.9 18.2 19.5 20.9

0.75 9.25 10.8 12.3 13.7 15.0 16.3 17.5 18.7 19.9 21.0
7.50 9.26 10.9 12.4 13.9 15.3 16.7 18.2 19.6 21.0 22.5

0.80 9.87 11.5 13.1 14.6 16.0 17.4 18.7 20.0 21.2 22.5
8.00 9.88 11.6 13.2 14.3 16.4 17.9 19.4 21.0 22.6 24.2

0.85 10.5 12.3 13.9 15.5 17.0 18.4 19.9 21.2 22.6 23.9
8.50 10.5 12.3 14.1 15.8 17.4 19.1 20.7 22.4 24.1 25.8

0.90 11.1 13.0 14.7 16.4 18.0 19.5 21.0 22.5 23.9 25.3
9.00 11.1 13.1 14.9 16.7 18.5 20.2 22.0 23.8 ,.5.7 27.6

0.95 11.7 13.7 15.6 17.3 19.0 20.6 22.2 23.7 25.2 26.7
9.50 11.7 13.8 15.8 17.7 19.5 21.4 23.3 25.3 27.3 29.3

1.00 12.3 14.4 16.4 18.2 20.0 21.7 23.4 25.0 26.6 28.1
10.00 12.4 14.5 16.6 18.6 20.6 22.6 24.7 26.8 28.9 31.2
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Table of lO00p (upper entry) and lOOp (lower entry).

iIOl 60 6.5 7. rn 7.5 8.0 8.5 9.0 9.5 10.0

0.10 2.79 2.94 3.09. 3.23 3.37 3.51 3.65 3.78 3.91
1.00 2.81 2.96 3.11 3.26 3.41 3.55 3.69 3.83 3.97

0.15 4.19 4.41 4.63 4.85 5.06 5.27 5.47 5.68 5.88
S1.50 4.23 4.4,6 4.69 4.92 5.14 5.36 5.58 5.80 6.02

*0.20 5.59 5.89 6.18 6.47 6.75 7.03 7.30 7.57 7.84,
*2.00 5.67 5.98 6.29 6.60 6.90 7.20 7,.50 7.80 8.10

S0.25 6.99 7.36 7.73 8.09 8.44 8.79 9.13 9.47 9.81

S2.50 7.11 7.51 7.91 8.30 8.69 9.07 9.46 9.84, 10.2

0.30 8.39 8.8/4 9.28 9.71 10.1 10,6 11.0 11.4 11.8
*3.00 8.57 9.06 9.54 10.0 10.5 11.0 11.5 11.9 12.4

0.35 9.79 10.3 10.8 11.3 11.8 12.3 12.8 13.3 13.8
3.50 10.0 10.6 11.2 11.8 12.3 12.9 13.5 14.1 14.6

*0.40 11.2 11.8 12.4 13.0 13.5 14.1 14.6 15.2 15.7
f..00 11.5 12.2 12.9 13.6 14.2 14.9 15.6 16.3 17.0

0.45 12.6 13.3 13.9 14.6 15.2 15.9 16.5 17.1 17.7
4.50 13.0 13.8 14.6 15.4 16.1 16.9 17.7 18.5 19.3

S0.50 14.0 14.8 15.5 16.2 16.9 17.6 18.3 19.0 19.7I5.00 14.6 15.4 16.3 17.2 18.1 19.0 19.9 20.9 21.8
S0.55 15.4 16.2 17.0 17.8 18.6 19.4 20.2 20.9 21.7S5.50 '16.1 17.1 18.1 19.1 20.1 21.1 22.2 23.3 24.4

0.60 16.8 17.7 18.6 19.5 20.3 21.2 22.0 22.9 23.7
6.00 17.7 18.8 19.9 21.0 22.2 23.3 24.5 25.8 27.1

0.65 18.2 19.2 20.2 21.1 22.0 23.0 23.9 24.8 25.7
6.50 19.2 20.5 21.7 23.0 24.3 25.6 27.0 28.4 29.9

0.70 19.6 20.7 21.7 22.7 23.8 24.8 25.7 26.7 27.7
7.00 20.9 22.2 23.6 25.0 26.5 28.0 29.6 31.2 32.9

0.75 21.0 22.2 23.3 24.4 25.5 26.5 27.6 28.6 29.7
7.50 22.5 24.0 25.5 27.1 28.7 30.4 32.3 34.2 36.2

0.60 22.5 23.7 24.9 26.0 27.2 28.3 29.5 30.6 31.7
6.00 24.2 25.8 27.5 29.2 31.1 33.0 35.1 37.4 39.9

*0.65 23.9 25.2 26.4 27.7 28.9 30.1 31.3 32.5 33.7
8.50 25.8 27.6 29.5 31.5 33.6 35.8 38.2 40.9 44.0

*0.90 25.3 26.6 26.0 29.3 30.6 31.9 33.2 34.5 35.7
9.00 27.6 29.6 31.6 33.8 36.2 38.7 41.6 44.9 49.0

0.95 26.7 28.1 29.6 31.0 32.3 33.7 35.1 36.4 37.7
9.50 29.3 31.5 33.8 36.3 39.0 42.0 45.5 49.7 55.7

1.00 28.1 29.6 31.1 32.6 34.1 35.5 36.9 38.3 39.7
10.00 31.2 33.3 36.1 38.9 42.0 45.6 50.0 36.2 88.8


